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THE 

PR E F AC E 

THE Juthor of the foWov/ing Treatffii 
having deflgn'd it for the Ufe of a 
young Noblemad of the firft Quali- 
ty, it may be rcquifite to give thd 
Reader fome Account of Mr. If^ttj, and what 
he propofed to himfelf in writing it^ 

HisGenldS leadihg him early to Studies of 
this Nature, he was retained by Mr. Ftamftead 
in the Year 1705, which gave him an Opportuni- 
ty of acquainting himlelf perfedly with the Calcu- 
lation of /rf/«flr,and the Conftruftion oiStlar Eclip- 
fes according to the Method taught in the Doftrine 
of the Sfhere, (a Book wrote by Mr Ptaniftead irt 
Ac Tear 1680, and pnblilhed with Che Pofthumous 
Works of Sir Jonas Moo^) with the Ground- 
work Theorems of Stereograpbical ProjeBim ; 
of which little as yet had been publilhed in th« 
Ef^tifi Tongue. 

Clavius, indeed, and Aquitonius have wrotd 
well and largely of ProjeSiions of the Sphere; buc 
their Wdrks are Volumirk)us, and contain a greaC 
deal more than is necefl'ary for the underftanding 
of theni. The Doftrine of the Sphere, that fup- 
pofcd the Reader to underftand the Ground-work 
Theorems was now become very fcarce ; all the 
Editions of the Book, with which it was printed, 
being fold off, and much enquired after. Mr. 
iVitty therefore proposed to himfelf to write a 
new Trcatife on the fame Subjcd^that might 
A 1 comprehend 
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comprehend all the Theorems nt;ceffary?|or any fort 
of Projtpions of the Sphere^ j.nd dividing any of 
the projedcd Circles^ and to fhew tioth how the 
Old and New ProjeElions are derived from' that 
Ancient and True Tljeorj which funpofes the Motion 
of the Earthy and where the Triangles are form'd 
in both, for the Refolution of all Aflronomkal 
FrobUms. This fo far as he has proceeded is done 
in a Method altogether Mathematical^ freauRng, 
firft, fuch Definitions as his Sabjed requires^ then 
Axioms^ Theorems^ Proportions and CoroBaries 
refulcing from them^ with Problems; all which 
ht Demonftrates plainly and fully, with this 
farther Advantage to the Readers that his Lan- 
guage is always pure, his Eacpreflions pro- 
per, and his Thoughts clear ; for be was Mafter 
of his Subje^ and was able to explain it fully 
and clearly topthers: Qualifications not always 
to be met with in Authors, 

Dnring his Refidence at the Obfervatory Royals 
by Affifting hix. FJamfiead in his Aflronomical 
Calculations; he became fully skilled in all the 
Methods ufed of deducing the Places of the PSx'd 
Stars and Planets from their obferved Meridional 
Diftances from the Vertex^ and Differences of the 
Times of their Tr^^// over the Mrirfr/wf ; asalfo 
of deducing thi^vr longitudes and Latitudes from 
.t4ieir dcterminy Right AJcenfions and Diftances 
from the Northern PoUy by a New Method ofPro- 
fiapherifes ; which with the Help of fome Sub- 
(i diary Tables prepared aforehand, is done by 
the Refolution of only ont, Rigbt-af^led Sfherifal 
Triangle ; whereas the old Method required the 
Refolution of l[n Oblique angled one^ wherein there 
was much more Trouble and Danger of Error : 
The Reader will therefore pardon him, for hav- 
ing 
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idg been a ^^ttle prolix, fometitnes^ in his Dif- 
courfes, (ince .there are but few People that are 
acquainted wrth thefe Methods. There is no- 
thing to be met with of them in other Books^ 
which renders this very ufefu! to our Young 
Students, for whofe Information it is principally 
intended. 

It may not be amifs to add» That the Author 
was well accotnoliOi'd in other Parts of Leamine, 
and much accuftbmed to the moft flri6l and ao* 
ftra&ed Reafoning. His great Acutenefs and 
Penetration, together with a found Judgtnent, 
rendered him very fit to appear in the Defente 
of the Principles of Natural and Revealed Religi- 
ouy as he did fuccefsfully againft thofe who pre- 
tended to attack it on the principles of Re^uon. 
Few People, indeed, are proper Judges of Perform* 
ancesof this Kind; however, I ihall take this 
Occafion to mention two very valuable Pieces, 
which were publiChM by him in his Life-time, in 
one of which he made very good Ufe of Mr« 
Lock's Principles againft the Fne^TUuhen, ecm*- 
tledf TAe Prindpks of Modern Deifm a^uadt 
The other which was generally efteem'd, he caird, 
7%f JUafonablenefs of affenting to the Mffleria of 
Cbrifiianity afjerted and vindicated \ in which by 
the Way, is contained a folid Anfwer to the Effay 
concerning the Ufe of Reafonin PropofhionSf tbeEvi'- 
dence whereof depends itpon Human Teftimotgf^ 
which at that Time made a great Noife in the 
World. He wrote alfo, when very Young, jin 
Ejfay towards a Vindication of the Mofaick Hifiory 
of the Creation of the IVorldy and the Fall of Many 
in feveral Letters* 

He died in the Year 1714, and in the gi/J 
Year of his Age, after a few Days Illnefs, leaving 
feme Sheets of this Book printed off, but the 

Work 
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Work being not complete (for he intended chat it 
ihould confifl: offeveral parts, id the Courfe of 
v^hich be propofed to treat of theDodriae o(Eclip- 
fes, of SciograPby^ and fome other nfeful Matters) 
at the Requeft of the PubU/her and out ofrefpe^ ., 
to my deceafed Friend^ I undertook to finifli this 
Part, and u(her it into the World. 

In the prefent Edition I have taken the Liberty 
to alter fome of the Demonftrations^ to inferc 
fuch things as I thought might be ufeful^ and 
to fend it abroad 4S correct as poifible. 



From the Royal 
Matbcmatical 
School, JumAat 
17^*, 1734. 

Jambs HodgsA^^ 
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INTRODUCTION. 



Definitions. 



DEFlNrtiON I. 

If 'we imagine a Semi- circle to turn round upon its^^f^ i, 
Diaineter^ that Diameter being kept, dttring the 
Circumvolution of the Semi-circle^ in the fame 
Place ; by this Circumvolution upon this Diameter^ 
as an Immoveable Axis^ it will generate what we 
Ctfi7 a Sphere. 

Scboliumi jj^^^^ H E {Properties, either Abfo- 
lute or Relative, of a Sphere, 
as it is a Solid thus generated 
we are not obliged to confider 
in this Place; we having only 
to do in the Sequel of this Difcourfe with the 
Circles which arc qftially defcribed uppn it, and 
which are made ufeof id the Solution oi Geographic 
f«A Aftronomical, Stiothericat^ and other like Pro^ 
^J^s: We may only take notice, that from this 
Generation of the Sphere, it follows, that is all 
*e Points of the Circumference of the generating 
Semi-circle are equidiftant from its Centre, all the 
Points of the Surface of the generated Sphere muft 
oe fo too,- having all of %m a Aadius of the gene.- 
I'ating Semi-cifcle for the Meafure of that Dif- 
^ance ♦ And as every Point in the Circumference of 
*« generating. Semi^circlej in its Circumvolution 
^'pon its dxi^^ marks out a Circle in the Surface of 
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the Sphere, thofe Circles are gfeJitcr of icfs, as 
they are more remote from, or nearer to the Ex- 
tremities of the Axis; that which is the raofl re- , 
mote being the greateft, a$ having the'^emidiime- 
ter of the generating Semi circle, at Right Angles 
to the Axis it turns upon, for its Radius ; and the 
reft on each fide decreafing. as the Sines oi their 
Diftances from the Circle generated by that Ra- 
dius increafe. 

Dcf. 2. j-f^^^ Q.^^i^ tvhich is form'd by the Circumvolution of 
the Radius of the generating Semi- circle at Right 
Angles to the Axis it turns upon, /landing upon 
its Centre, is called a Great Circle of the Sphere : 
All the reft which are parallel to it_are LefTer Cir- 
cles. 

Corollary i .TT^Rom this Definition it follows, that 
X? all the^r^^f Circles of tlie Sphere 
cut It into two equal Parts : As they pafs thro' 
its Centre, and therein give the perpendicular 
Height of all the Seftions of the Sphere which they 
can make, the fame, it being meafur*d by a Radius 
of the Sphere: And a8 they are all form'd by 
equal Radii, and confequently make the Areas 
of the Bajes of all their Se£tions equal. And 
whatever two Solids of the fahie kind have the 
Areas of their Bafes,znd their Heights equal, are 
themfelves equaL And as Leffer Circles do not 
pafe thro' the Centre of the Sphe^Cy they muft cut 
it into Unequal Parts. 

Corol 1. Hence it is alfo plain, that all great 
Circles of the Sphere muft out each other at a Semi- 
circular Diftance : For as they all have for their 
common Centre that Centre of the Sphirv, and con- 
fequently interfeft each other in the Centre ; and 
as the comrnon Inter fedkidn of the Planes of any 

two 
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two of 'em is a Right- Line conunued from the 
Centre Kbth Ways to the Surface of the Sphere; 
hence 'tis manifeft that the Interfe&ion of thefe 
Planes is a Diameter of the Sphere : But it is alfo a 
JDiameter of both thefe Circles at the fame time, as 
it pafles thro^ their common Centre both ways to 
their refpe&ive Circumferences ; therefore it cuts 
them both in halves, as the Diameters do all Cir- 
cles : Therefore from one Point of Intcrfe^ion to 
the other in both Circles, on eacli Side, is a Semi- 
circle. Or, which is the fame thing, they cut 
each other at a Semi-circular Diftaoce. 

Corol. 3. And if we conceive Two ^r^j^ Circles 
of the Sphere any way projefted upon a Plane ; 
their Reprefeotatives upon that Plane muft evi- 
dently ioterfed each other at a Semi- circular Di- 
ftance alfo : The Arches intercepted *twixt the 
Points of Interfeftion in the Circles themfelves be- 
ing neceflarily reprefeated by thofe intercepted 
*cwi« the projcded Points of Interfedion in the 
Plane q( the Prcjefiion : And coilfequentlyasthe 
greap Circles of the Sphere cut each other at a Scmi- 
circuUr Didance, their Reprefentatives in the 
Plane mud do the fame. 

The Two Extremtties of the Ptx^d Axis fipon which Dtf. 3. 
the generating Semi^circle turns^ aye caWd the ^ 
Poles af the great Grde generated hy this Circum^ 
'V^lutim ; the Pix*d Diameter its Aiis : ^nd they 
me the Poles a;?^ Axis of all the Parallel h^&^t 
Circles. 

Scholium* TF w'e conceive any other great Circle 
X of the Sphere generated after the fame 
manner, we MU find its Axis at Right Angles 
to the Circle generated : And each of its Poles at 
«i Qiiadraotal DiftaQ<;e^ in the Arch Qf a great 

B a Circle 
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Circle perpendicular to its Plane, from any Point 
affignable in its Circutr.ference. 

Def. 4. If u^e conceive this Axis as reprefenting that which 
the Earth turns round upon in 24 Ho/irs, then the 
great Circle generated by the Circumvolution of the 
Semi' circle will reprejent the Equator in the Terref- 
tial Globe : The Iwo Extremities of the kx\s be- 
ing its Poles, and thofe of aU its Parallels. And 
the Plane of this grczt Circle continued every way 
till it meets with the Fixed Scars, will give us 
what we call the Equator in the Heavens : And 
the Axis cominu^d thither will point out the two 
Poles of the World. 

Scholium I. ^T^ H E chief Parallels to the Equa- 
JL torj and the only ones ufaally 
dra^^n upon the Globes, are the Two Tropical' and 
the tv/o Polar Circles : The Two TroficaUre thcfe 
^ cf Cancer SLud Capricorn i the former being 23^29' 
00" diftant from the Equator towards the North; 
and the latter as much diftant from the fame to- 
wards the South : And if \^ e conceive the Planes of 
thefe expanded every way till they cut the Surface 
of the Suns Apparent Annual Orb, the Sun will 
feem to us to move in the Tropic, oi Cancer in the 
Longeft Day in Summer, and in that o( Capricorn in 
the Shorteft Day in Winter; from both which he re- 
turns again towards the Equator, which is the rea- 
fon of their Names : And if we conceive as many 
Parallels to thefe Rightly drawn, 'twixt the Two 
Tropical CircUSy as the Number of Days in a Tro- 
pical Ye3.r require, we fhall have the Parallels which 
the Sun feems to move in from Day to Day all the 
Year round. The Two Polar Circles are diftant 
the one from the North, and the other from the 
SouthFole of the fVorld if 29' oo"- 
Schol. 2. The Equator is fo call'd, becaufe when 

the 
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the SuH runs that Diurnal Circle the Days and 
Nights are every-where Equal ; and, as it is a 
^M^ Circle of the Sphere^ it divides the Earth into 
Two Hemifpheres, the Northern SLud the Southern : 
And as the Earth turns round upon its ovtn Axis 
once in 24 Hours, the Equator coinpleats one Re- 
volution in that Time j and therefore, as it is di- 
vided into 5(5o Degrees^ it runs ij Degrees in 
one Honr, 1 5 Minutes of a Degree in a Minute of 
Timey and 15 Seconds in one Second. Upon the 
Equator we reckon the Difference of the Longitude 
of Places in Geography ; and from it towards the 
Nmh Poky or that Tole of the World which is 
vifibic to us, their Northern^ and towards the^ 
Zwth their Southern Latitude : An4 if we con- 
ceive the Plane of this great Circle expanded 
every Way till it meets with the Fixed Stars^ we 
count their Differences of Right Afcenfions upon 
it; and from it towards both the Po/^j of the 
World their Declinations i The Northern towards 
tfaeiVi/itJ&} andthe Jb»^A^r» towards the South Pole. 

If a great Circle is perpendicular to the Plane of the D«f.<. 
Equator, the Axis of the Equator W/ be in its 
Plane ; as it pajfes thro'' the Centre of the Sphere, 
and fiands at Right Angles to the Plane of the 
Equator, as well as the Axis it felf does ; and 
confequently it ivill pafs through both the Poles of 
th^ World : And if it pajfes alfo thro* the Vertex 
of the Place we are i», it is calFd the Meridian 
of that Place. And a Number of Circles thus 
circuntfiantiated interfering each other in the 
Poles of the World, and having its Axis for their - 
common S £iion\ are all Meridians to the Places up^ 
on the Globe thro* whofe Vertices they pafs. Thef 
are alfo calfd Hour- Circles. The Two mofl te\ 
markable of thefe Circles defcrib^d upon the Globe, 
hfidesthe proper M^tiAi^n of the Place, arethhi 
. - B 3 which 
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which fnjfesthro^ the Fifft Points of Cmcct and 
Capricorn, and the Two Poles of the World, caB^d 
the Solftitial Colure.; and that which pajfes thro* 
thvfe two Poles and the Firft Points of Aries, and 
hibr SL^ calTd the EquinoStUlOoiur^. 

Scholium, nr^ H E Meridian divides the Sphere in- 
JL to its Eaflern and IVeficrn Hemi' 
Spheres; and upon the Meridian o( the Place we are 
in we re^on our Latitude^ and the Declination of 
the Sufiand Stars from the Equator : Our Latitude 
being nothing elfe but the Arch of our Meridian 
intercepted 'twixt the Place we live in and the 
Equator; and the Declination of the Sun or any 
Star, an Arch of the fame Meridian intercepted 
'twixt the Equator and the Sun, or that Star : Askd 
the Difference of Longitude *cwixt any Two Places 
upon the Globe is nothing elfe but the Angle which 
their refpeftive Meridians form at the Pole of the 
fVorld^ where all the Meridians interfeft each other, 
which Angle is meafur'd by an Arch of the Equa- 
tor intercepted 'twixt thofe T v o Meridians. When 
the Sun is upon the Upp^r part of our Meridian *tis 
l^oony and from, hence this great CircJe of the Sphere 
has its Name ,\ when on thp Lower part 'tis Mid- 
night. And whereas, by reafon of the Earth^s Cir- 
cumrotation upon the Axis of the Equai'o in 24 
Hours, the San feems to move round the Earthy ci- 
ther inthf Equator or a Parallel to it, in the fame 
Time; if Circles are draw n . upon the Gfo^^ at 15 
Degrees Diftance from each other in the Equator , 
and thro* both t,be Poles of the lVorl4^ they are call'd 
Bourxircles J the Sun being an Hour in feeming to 
move frompnis of *4m to another ^ and the lat^r- 
feftions of their Planes with, tbpfe of Siny other 
great Circi^s ^i the ^Sphere ztg ^h^t we>caU,?he 
JJour-Lines in DiiiEingi in thofe, PlaOes. Ftoj». <^ne 
pf'thePoints of the£f»(?^.*j:j*fhc«:^at iscqt.by the 
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Equin$SiialCdlure^ vizithzt which thc'Svwis iq at 
the Celebration of the Femal Equinox to us who 
have the Northern Latitude^ we begin to count th^ 
Right Afcenfion of the Sun and Stars : Which is, 
nothing elfe but the DiAancc of thatPloinr of thp 
Equator wirii which they come upon lO^r Meridian 
from that in which the SmL is at the time of our 
Vernal Equina ; or, from the Fir ft Point of Aries. 
And upon the Planes of both thefe Colurts the Rea- 
der will 6nd the Sfbete proje^ed in th« Sequel of 
this Book. 

As the Earth turns upon itt own Axis in 24 Hotprs and T>tf. 6. 
thereby generates that great Grje which we fall the 
Equator; fo it is carried round the Sun in an Or- 
tit'tmxt thofeo/MsLts andVtn\x^ intbefpaceof 
a Tear : And if we conceive a Right Line drawn 
from the Centre of the Sun thro' that of theU^nli 
and ^ntinued till it faBs in with the Fix^ed Stars, ' 
and imagine it to move along with the E^nh'tiSit 
has finifii^d one complete Periodical Retiohttioti ; it will 
mark out that great Circle of the SphiQi^ anv^ngfi 
the Fixed Scars which we gaB the Ecli^XQi whafe 
Platte is Inclined to the Plane of the Equator a 3* 
ap' 00", and confeqmntfy their Axes are fo much 
inclined to each other : And their nearefi PcJcs are 
23* 29' 00'' diflant. 

Scholium. npH E Difi^on of the Elliptic into 
X Twelve Part$ c^l'd Siptsr -, with 
the Aftronomical Charafters by i winch thofe Signs 
are reprefented, every body is acquainted with 
who baf .in the leaft dipB idto theff ^d^atcers ; fo 
thatloplyhinc at 'em in this Place. Upon the 
Ecliptic we count the l4engHnde of «he Bxed Stars 
and Planets^ beginning onr Reckoning, at that 
Point where the Ecliptic and th6 Equator intcrfeft 
each othejp itt the Vernal Eqmos, called the Firfi 

B 4 Point 



Digitized 



byCoogk 



t I N T R O D U C tl O N.;^ r; 

Point of Anes :, And the Parallefs to tht KtUptic 
are Farallek of Cele/tial Latitude, <And if we ima- 
gin a Number of ^r^/* C rcles of the .!j:>Afir^ ftand- 
. ing at Right Angles to the Plane of the Ecliptic^ 
and confequencly interfeding each other in its 
Poles ; thefc are call'd Circles o( Celefii'dl Lof^itude ^ 
The Difference of CeUJlial Longitude 'twixt any 
TyfoPhjenomena beinjg nothing elfe, but the Angle 
\('hich their refpeftive Circles of Longitude form at 
either P(?A? of the £f///^^/f, which Angle is mcafur'd 
by an Arch of the Ecliptic^ intercepted 'twixt thofe 
Two Circles. And the Arch of any one of thefe 
Circles intercepted ^cwixt the Ecliptic and any 
Star or Planet^ fs the Latitude of that Star or 
Planet. The Two Tropicks^ which I have already 
taken notice of as Parallel to the Equator^ are 
form'd by the feeming Diurnal Motions of the 
Firft Points of Cancer zv\d Capricortir whence they 
have their Names. And the Two Polar Circles de- 
rive theirs from the feeming Diurnal Circumvoluti- 
on of the Poles of the Ecliptic round thofe of the 
World; from whence they deduce their Origin. 
The Ecliptic has hs Name from hence, that all 
the Eclipfes of the Sun and Moon^Scc. are performed 
either acftuaflv in, or very near the Circumference 
of that^rtf^^ Circle. 

Dcf, 7. Jf we conceive a great Circle of the Sphere cuting 
the Meridian of our Place at Right Angles ^di^ 
fiant from our Zenith a Quadrant or 90® 00" this is 
what we call the Horizon of the Place. 

«. • 

Scholium X-HP H E Hon\on divides the Vifible 
X fr^*" ^^^ Invifible, or the Up- 
per from xht Lower Hemiffhere of the Globe: 
And when the Sun^ or any ^^ror Planet appears 
in it, it is faid to Rif^ ; when they begin to difap- 
pear, or fink under it, they are faid to&t. When 
3 the 
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the Wrixm i% confiderM as a ^re^^ Circle of the 
%fWe%^it is what we call the Rational Harixoni 
Bur' the Geographers fometimes call (o much of 
the Earth* s Surface as is taken into the Eye, 
the Eye being turn'd round to all the Points of 
the Compafs^ with the Circular Termination of 
that Viuon, by the Name of the Horiz^on^ 
(from theGr^^ibof which Circle terminating out 
Vifion it has itsName^ and from this we borrow 
the l^ame of that great Circle of the Sphere which 
we call the Rational Horiz/^n) which is of no far^ 
therConiideration in this Place, after I haveob* 
ferv'd that, for Diftinftion-fake, they call it th« 
Senfitle Horiz^on. Upon the Horiz^on wc count 
all the Points of the Compafs, or Bearings of 
Places, in Geography ; and to it we refer the 
Azimuths of the Sun and Stars ; beginning either 
at the North or S(mh Points of our Meridiany or 
at thofe Points in rbe Horiz^on where it Is inter- 
fered by a great Circle which (lands at Right 
Angles to our Meridian^ and pafles thro' our Vertex 
at the fame time, which is called the Prime Ver- 
tical i thofe Points of Interfedion being the due 
f^y^and Weft Points. And if we conceive more 
peat Circles at Right Angles to the Plane of the 
Horizon, cutting each other in the Vertex and the 
oppofite Pole of the Horizon, at iio ly' oo" di- 
ftance from each other j the Points of their Inter- 
feftion with the Am«,0» will be the Points of the 
Compafs: And whatever Place upon the Earth 
is found in a Right Line drawn from the Place 
wc arc in, which is conceived as the Centre of our 
florizony to any of thcfe Points of Interfeftion, 
is faid tobe upon that, Pmt of the Compaji^ with 
fcfpeato the Place from which, as a Centre, that 
Line is drawn. Whatever Celefttal Phenomenon is 
fonnd upon any one of thefe Circles, different 
from the Meridian of the Place and the Prime Ver-- 

tical^ 



Digitized 



by Google 



tical, is faid to be upon fuch an Az^ixmh {rom 
the North or Simtby or to have fuch an Amplitude 
from the Eaft orlVefli If it is upon the Eaftern 
(ide of the JMkridian, and upon the Pwne Vertical, 
it is due£a/ * If it is on the fVeftern fide of the 
MeridiaHj and upon the fame ^eitfW Circle, it k 
due JVeft^ &c. If as I have already obferv'd, a 
Star in the Heavens y or any. Place upon the Terre^ 
fttal Globei is betv^^ixt the £f ^^tfor and ^^ North 
Pole of the IVorld ; then the former ifi faid to 
have Northern Declinaioni and the Utter North 
Latitude ; And if either of 'em is betivixx the 
Equator and the South Pole of the IVorld^ then 
their Latitude or Declination are South. If a Star 
is'twixcthe Ecliptic Md its North Pole, itSrJjati^ 
tude is North ; if the contriiry, it has Smtb l4ati^ 
tude. And the Arch of a Vertical Circle inter- 
cepted 'twixt that Point of it which any Pbano- 
tnenon is in, and the Horifum^ is call'd the Ahi-- 
tude of that Ph^nomen^n above the Horixjoni th^ 
Coipplem^nt of that Arch to 90 Degrees being 
its Diftance from th# Vertex. And if a Parallel 
to the Plane oi the Horizu>n paflfes thro' th^t Point 
ivhcre thti Phanomenon ii found, it ia.caU'd the 
Parallel oi its Altitude. 

Schol 2, Thefe are the \Cbief Circles of the 
5/Afr^ which the Reader will be tioght to Projeft 
in Piano in the SeqUel of tiiit Difcout-fe* The 
Equator^ with its ParalleJs j. arid thofe grm, Cir*- 
cles whioh cut its Plane at Right Angles, and etch 
other in the Poles oi tb^ff^ld ; caU'd in <he 
Terrefiial Oloh Circles of Longiendfj or Meri- 
dians of the ^Places they pafo over; and. w thf 
Celeftial Circles o( R^ht Afcenfimi Tha JSifUptic, 
with its Parallel ; and.tbedTo ^r^^^. Circles wbieh 
cut its Plan^ at Right Angles* and each other in 
its Poles ; which are cati'd Circles of OlefHalLin^ 
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gitude./. And the Horitonj with its ParaBels ; and 
chofe great Circles of the Sphere which ftand at 
Right Angles to its Plane, and interfed each other 
in its PoUf^ the Vertex or Zenith, and the Nadir ; 
which fetout the Points of the Compafs upon the flb- 
rjzon, and upon which we meafure the Altituae of 
any Celeftial Phancmenony or its Diftance from the 
Vertex, are called Vertical, or Az^imuth Circles. I 
have juft hinted at fome of their general Ufes j the 
Reader, I exped, will fcarce come wholly unac- 
quainted with the Ufes of them to the Perufal of 
this Piece : Or, if he does, Ije may meet with 'em 
at Large in any Common Elementary Introdudion 
to the Ufes of the Globe ; or in the following Chap* 
tcrsof this Book, ^here I apply the Circles oi the 
^bere Projeded in Piano to the Solution of Aftrom^ 
mkal. Geographical, Problems, &c. I fliall only 
take notice farther here, that the Planes of the £- 
tjuator and the Ecliptic are always Inclind to each 
other 23^ 29' 00". But that the Planes of the £- 
quator and th^ Horix»on are in fome Places Parallel to 
each other, as to thofe who live diredly under ei*- 
ther the Uorth or Smth Pol^s of the World : In fome 
Places Perpendicular, or at Right Angles to each 
other ; vix*. to all fuch as live under the Equator : 
And in all other Places they are inclind, or Oblique 
to each other ; and thaf the more, the lefs the 
Latitude of the Place we. fire in, and the lefs th^ 
greater our Latitude. For which reafon the Sphere, 
upon account of its Pofition, or, more properly, 
of the Situation of the f lace we are in, may be 
confider'd either as Bright, ParaM, or Oblique. 

A Right sphere ;V that in whkh^ the Planes of the Dcf. 8. 
Horizon and thf Equator fiand at Right A^Us 
to each other i as they do to aU thofe who li^/e 
frecifefy mdert^ Equator^ A Parallel Sphere 
« that in vihich the Planes- of the Horizon and 
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the Equator are Parallel to each others. or. more 
properly^ coincide one with another ; as they Jo only 
to thofe who live exaHly under the North and South 
Poles of the VVory. And an Oblique Sphere is 
thflt in which thefe T-ojo Planes a re ihclin'd to 
each other: IVhich they are to aU the Inhabit 
tants of the Earth which have either North or 
South Latitude, and live not frecifely under either 
of the Poles, 

Scholium. 'TP H E different Lengths of the Days 
Jt and Nights, Rifings and - Settings 
of the Starsy &c, in thefe different Pofitions of 
the Sphere^ the Reader muft be acquainted with, 
who has dipt into the Very F/r/? Rudiments of 
Geography znd A/ironomy ; and I Ihall have occa- 
fipn to take notice of fome of *em in the Sequel. 
I (hall only take notice farther here,- That the 
Inhabitants of the^^itA living in different Parts 
of the Surface of the G/ofe, arecallMby different 
Names by the Geographersy accordingly as their 
Habitations are fituaced with refpjeftto one an* 
Other, or to the Sun : Thofe bang calTd Amaci^ 
vho live under the fame Meridian, hutit^ Parallels 
of Latitude one as- ttivich'Nmh zs the othw i$ 
South: Thofe Peri a ci, vho live ih the fame Paral- 
lels, and in oppoiite Pdirits of itie farrte Meridian : 
And thefe Antipodes *v ho live in oppofite Paral- 
lels, and in opf)oficc Points of the fame Meridian, 
The Amphifciiy arethofe who live betv een the Two 
Tropics: 'the Per ifcii^ t^L{e'\< ho lii^e between the 
T^'O'Polar Circles and their refpefiive Poles i And 
the. Heterofcii, thofe w4io liv€ between the Tropics 
and the Polar Circles. The Reafons of thefe 
Names, and the Phampiena which happen to thofe 
who live in thefe Places, or wicfi thefe refpeds 
to each other, every doc may fee in the Wfitcrs 
jupon the Ufes of t\ieGlohs. ' - 
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Projcfiion in General^ is, the Art of jreprefenting any I>cf. 9. 
Points, Lines, Surfaces, or Solids, uf on any af- 
filiable Planes ,• as they a^fear^ or are markid out 
ufott tbofe Planes, ty Lines drawn from them^ or 
any^ orlsiD the Parts of them^ to tl^e Eye, interfeSi' 
i^gy or^ if need be^ continud tOj the Plane they are 
to be Reprefenced up.n. 

T%e Projeftion of the Sphere, in Particular^ is the ^«f- «^ 
jirt of Drawing its Circles upon a Pjane, fo as they 
JhaU be mark*d out upon it by Right Lines paffing 
from the Eye to every Point in their Circumferences y 
and either interfering or continued to the Plane 0/ 
Projection. 

Scholium. ^ I ^ H £ Rays which are drawn from 
JL every Point of the Circumference 
of any Circle of the Sphere to the Eye^ form a Cone ; 
of which the Point where they are colle&ed in 
the Eyey is the J/ertex ; arid that Circle icfelf the 
Bafe : And if we imagin a Plane interposed 'twixt 
the Eye and that Circle cutting the Cone, the 
Circumference of the Sedion of the Cone made 
by that Plane will be the reprefcntative of chat Cir- 
cle in the Plane': if we imagin the Plane to ftand ' 
beyond the Circle to be proj Sed upon it, then 
the Cone of iJ/WJ continued till it cuts tie Plane will 
give us a Seftionof that Plane whofe Circumfe- 
rence ihall reprefent the Circle to.be'4)roje&ed : 
And thefe Reprefentatives will be different, ac- 
cordingly as the Planes of Projedion ftiari be Per- 
pendicuiar or inclined to the Axis of the Eye con^iqu'd. 
If the Plane of the ProjeSion isxhat o(s^ great Cir- 
cle of the Sphere, havincja Xinedrawp from.the 
Eye to its Centre Perpendicular to that Plane, ; then 
all its Parallels 'twixt the Eye aind the Plane of 
Projeftion, are. Pro jefted by continuing the Cpnes 
of Rays from the Eye to their Circumferences 'till 
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they meet with^ the Plane; and all its JParallcIs be- 
yond the PlarK^JzTt mark'd out by the Seftions 
made by the Plane m their refpedive Cones ofRays : 
And all the InclinM^^^^ Circles of the Sphere, be- 
ing half above add half below the Plane of Pro- 
jedion, the former halfs arc mark'd out as the Pa- 
rellels betwixt the Plane and the Eye ; and the lat- 
ter^ as thofe beyond the Plane ; and their Parallels 
in like manner, accordingly as they are in whole 
or in part above or below the Plane of Projefiion, 
that is, nearer or farther off than it is from the , 
Eye: and fo for the reft. And whereas we may 
conceive the Eye^ either as in the Surface of the 
Sphere^ in the Pole of the great Circle, upon the 
Plane of which the other Circles, whether ^rf« or 
fmaHy are to be Projefted j Or, at an infinite Di- 
ftance from it ; Or, in fome proper intermediate 
Point 'twixt thefe two extremes, proje&ing the 
reft of the Circles of the Sphere upon the Plane of 
any one of lis great Circles : Hence arife Three 
different Ways of Projefting the Sphere in Piano : 
The ^y? of which is call'd Stereographic ; the Jecond, 
Orthographic ; and the thirds when the Eye i$ at a 
due Diftance for diflinft Vifion, is call'd Scencgra" 
phic Projedion, and coincides with what we com- 
' monly call PerfpeSive. The Laft of thefe three 
kinds of Projedions I (hall have nothing to do 
with in this Place. But theTwo former will take up 
the Two Firft Chapters in the Work before us* 

Dcf. II. 7^^ Orthographic Projeftion 0/ fif Sphere, is the 
Art of Drawing aUthe reft of its Circles upon the 
Plane of anyone of its great oneSy fo as they P>aU 
appear upon it to the Eye at an itAnite Diftance ; 
having its Axis continud perpendicular to tJke 
Plane of that great Circle upon which the ProjeBion 
is made : andpaffing thro* its Centre. 

The 
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7%^StereQgra'phicProjc&ion cftbi Sphere, // the\>tl\%. 
Art of Drawing all the reft of its Circles upon the 
Plane of anj one of its great ones^ fo as theyjbaU 
appear upon at to the Eye in the Surface of the 
Sphere in, one of the Poles of that great Circle: 
In which Cafe the Axis of the Eye cominud, will 
be perpendicular to the Plaae of that great Circle 
upon which the ProjeHioti is made^ andfafs thro* its 
Center* 

Scholhtm. TN order to deliver the Arc of Projeft- 
X ing the Sphere^ both Orthograpticalfy 
aad Stereogrt^hicallj^ in as eafy and perfpicuous 
a manner as I can think of; I (baU allow each 
of 'em their diftind Chapter, and in each Chapter 
obferve this Method : J/iz,. Firft, I will briefly and I. 
^erfpicuoi^y demonfirate under what Figure all the 
reft of the Circles of the Sphere, whether great or 
fmall, a^ear upon the Plane of that Circle upon 
vjbich the Projeftion is to be made* Secondly, Hofw IL 
tw may determine the Requifites for the Delineation of 
the reft of the Qrcks of the Sphere upon the Plane 
of the Projeaion. Thirdly, / will deduce the Aft IIL 
of Me^uring Projeded Circles, whether great or 
fraall ; or of cutti^ off Arches of 'enty reprefenting 
any (^ignoble Arches ^ thofe Circles of the Sphere 
frm which they are dwWd. And Fourthly, / will IV. 
exemplify the Rules difcover^d under thefe Three 
Headsy in the aSluat Projedion of the Sphere upon 
the Planes of one or more of its great Circles ; and 
in the Mcttfiiratww 0/ the Reprefentattves of theCir* 
cks ^f the Sphere in the Plane of the Projedion. 
Afccr which, the ^ies of my Defign will lead 
me to flicw the Ufs of the ProjeBion of the Sphere 
in PJmu)y in the Sckition of Afironomical, Geogra-- 
phkal IVofademSj &t. in the fucceeding Chapters 
of this Book. 

Ax'om. 
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Axiom. 

The Place of any t^ijible Paint upon the Plafte of 
the ProjeSiion is there in that Plane^ where a 
Right Line drawn from the Eye to that Point 
interfeds the Plane: Or, if the Plane is beyond 
the Fijible Pointy where that Right Line con- 
tinued meets with the Plane of the Pr&jeBioni 

Scholium. ^'T^H IS Axiom \s the great Funda-- 
\^ mental which all manner of Pro- 
jedions are built upon : And from which all the 
Rules for the ProjeElion of the SpbHre in Piano are 
primarily deduc'd ; and into which they are ulti- 
mately refolv'd* And it holds not only of Points ; 
but of all Linesy as they confift of Points ; and of 
all Surfaces y as they may be conceived as confiding 
of Lines which confift of Points : And of Solids 
toOf as their Reprefentatives in the Plane of the 
FrojeSion are no other than Plane Surfaces of fome 
Figure or other, which may be refolv'd into Unesy 
and thofe into Points t As every one muft fee who 
underftands in the lead what ProjeSion is^ without 
any farther IlluQration. I need not advertife 
the Reader here, that the Plane of that great Cir- 
cle of the Sphere^ upon which the other Circles 
are to be projefted, is conceived as fomething 
tranfparenty in order that the Rays from the Eye 
may pafs it, and mark out upon it the Places of 
thofe Circles or Parts of Circles which arc, with 
refpca to the Eye^ beyond the Plane : And that 
the Sphere is fupposM to be divefied of all Matter 
but that of which its Circles confift, that the Places 
of both thofe Circles and Parts of Circles which 
are beyond the Planey and thofe ^twixt it and the 
Eye, may be view'd upon the Plinte of the Pro- 
je£iion* 

CHAP. 
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C H A P- I. 

Of the Orthographic Pro- 
jection of the Sphere. 

S E C T. I. 

Of the Apfearance of the Circle of the Sphere »/Oii 
the Plane of the ProjeBion. 

LEMMA L 

& Orthographic ProjeStions, all Right Lines drawn 
from any Points of a Circle of the Sphere thro' the 
Plane upon which that Circle is to be projeEledy to 
the Eye at an infinite Diftance^ are Parallel amongfl 
themfelves* 

Demonstration. 

LE T the Right Lines d b and eh ht wig. i. 
drawn from the Extreme Points d and 
e of the Diameter ^ ^ of the Circle d 
h e iy interfeaing the Plane of the Pro- 
jedion in f and n : I fay. If the Point b be con- 
ceived at an infinire.Diftance from the Point m in 
the Plane of the Projeftion, the Lines^ Jand^^ 
will coincide with the Right Lines i^and ef^ 
which are drawn Parallel to each other from the 
Points d and ^. Conceive the Point b removed 
to a, then the Lines ^i and be will become ad 
I and a e, but the Angles da Cj and c ae^ which arc 
tefpcftively equal to adg and a ef^ by the 29 of 
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the I of Euclid, are lefs than the Angles i/ b c and 
che^ by the i6 of the i of Euclid, which are rc- 
fpedively equal to bdg and b ef; confequently 
the farther the Point a is removed from b, or, which 
is the fame, the« farther the Point b is removed 
from c, th^ lefs will be the Angle dbcj by the zi 
of the I of Euclid ; and the' nearer will the Lines 
b </ and A £* approach to the Lines g d and e f^ till 
it arrives at an* infinite Diftance, when the An- 
gle^ b e will vanifh. The Lines d b and b e will 
coincide with the Lines g d and fe and become 
Parallel to each othen 

Scholium. This Parallelifm of all Lines drawn 
from any Points of the Circumference of a Circle 
projeded Orthographically upon an aflignM Plane, 
is a peculiar Charaderiftic of this kind of Projec- 
tions; refulting from the fuppos'd infinite Dif- 
tance of the Eye from the Plane of the Projedion: 
And ^is manifeft, that it holds in Lines drawn 
from any other Points whatever, whether in Lines, 
Surfaces^ or Solids; as the Points </ and « may 
be conceived in any other Figure as well as a 
Circle, in a Right or any kind of Curve Line, in 
a Surface or a Solid. It muft only be noted here, 
^ that by infinite Diftance^ in this Place, is not meant 
ftriftly fuch, but a Diftance fo very lajgfc as in 
which the Angles ^^/ and 4^^ thall bet^fistftan 
any Angle affignablc, or in a ftate approximating 
infinitely near to Evanefcepcy; So that Right 
Lines from the ObjeS thro' the Plane of Proje&ion 
to the Eye are not ftriftly Parallel, but approach 
infinitely near to a Parallelifm betwixt, thrai- 
(felves; fo as to make thefe Projeftions,. to all 
Intents and Purpofes, the fame as if they were ac- 
tually abfolutely Parallel. 'Tis Infinity in a Pbj^ 
^tf/Senfe, withrefpeft to our Organs of Vifion, 
- - when 
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U'hen the £vanefcenc Angles are indiTcer- 
nibic, and confequently the Right Lines from each 
Point of the Objeatobe projeded thro' the Plane 
of Projedion, continued to the Eye, may be con- 
fidered as PhyficaUy Parallel betwixt themfelves. 
This I thought fit to Note in this Place ; becauf« 
it takes place hot only in the preceding Z,e;;f;7//2, but 
in all the Demonftrations relating to Onhografhic 
Proje&ions. 

L EMM All. 

In a Circle, the ReEiangk under the Segments tf 
the Diameter is Equal to the Square of the Or" 
diuate. 

Demonstration. 

LE T the Ordinate ^ ^ be perpendicular to the i?^. a: 
Diameter c d, and draw the Lines^ c and a d. 
The Angle cad being in a Semi- circle i% Right ; 
by 3 1. III. Euclid : and the Triangles ah, at d. 
and cad, are Similar ,- by 8. VI. Euclid : There- 
fore cbi abi: ab:b d. And, by 17. VL Euclid^ 
the Reftangle under c b d is Equal to the Square 
of ab. 

^E.D. 

LEM MAWh 

In an ElHpfis, the ReSiangles under the Segments of 
the Tranfverfe Axis, are as the Squares of the Or^^ 
dinates by which thofe Segments are made. 

Demonstration* 

IN the Cone abclg,\tx. the Circles t sr q and Fig. 3# 
no e ^ be parallel to the Circular Bafe c lag; 
and liBt dntfre be an EBip/is^ having itsOrdi- 
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nates mezxkA £r perpendicular to the Dianieter$ 
of the Circles o^ and / jr, as well asr to its oi^in 
Tranfverfc Anis dmhf. I fay. The Rcaanglc 
d w/under the Segments d m^ mfoi the Tranfvcrfe 
Axis d mfis to the Square of m e^ as the Redangle 
J i&/ under the Segments^ hyhf is to the Square 
of A r. 

For, the Ratio of the Reftangle dm J to that of 
dh f is compounded of the Ratio o( dm to d hy 
zndmftohf; by 23. VI. Euclid. But as 4:^ mis to 
dhy fo is mp to hq, by the Similar Triangles dmf 
and dhq; znd zs mf IS to hfy Co is mo to bs, by 
the Similar Triangles/A s and fm : Therefore the 
Ratio of the Redangle dm f to the Redangle d hf 
is compounded of the Ratio of mf to h tu and m 
to h s. But the Refiangle/ m is to the Redangle 
qhssLsm p to h q, and m to hs: Therefore the 
Reaangleim/ is to the Redangle dhf^ as the 
Redangle/^woisto the Redangle 9 i& x. But in 
the Circles onpe,.stqrj the Redangle under m 
p is equal to the Square of m e, and that under q h s 
is equal to the Square of h r, by the precedent 
JL^ww/i ;, Therefore the Redangle under J m/^ is 
to the Redangle under d hf^ as the Square of me 
is to the Square of h r. 

Q:E.D. 

Corollary i. The Ordinates of a Circle, whofe 
Diameter is the Longer Axis of an ElHpfis, are to 
the Ordinates of the contained EUipfis, as the 
Tranfverfe Axis of the EllipHs is to its Conjugate 
Axis. For the Redangle dcais to tht Redangle 
db ay as the Square cf c e is to the Square of bf; 
Jig. 4- by Lemma II. And the Redangle dca is to the 
Redangle db a^ as the Square oi ch is to the 
Square of * ^ j by Lemma IH. Therefore the 
Square of ^c is tothe Square of /^, as the Square 
01 he is to the Square oi b g. Therefore (by 
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22. yi. Euclid) ec I f b : : he: g b. Or, ec : 
bc;:fb: ^^. Andti^ice ecs/z^, Tranfvcrfe A- 
xis: twice b c Conjugate Axis \i Jbigb. 

Corolh 2. Hence we are furni(h*d with a Geome- 
trical Method of defcribing an EUipfis^ having its 
Longer and Shorter Axis : For bifleding its longer 
Kxbadin the Point c, and drawing the Shorter 
Axis at Right Angles to it thro' that Point; and 
circumfcribing a Circle about the Longer Axis, 
whofc Centre is c : If we let fall any Number of 
Ordinates at pleafure from any Points in the 
Circumference of the circumfcrib'd Circle at 
Right Angles to the Longer Axis abcd^ we may 
find the correfponding Ordinates in the Ellipfis. 
As if/^ is let fall in the Circle, *tis eci h cii 
fhxbgy which will give the Point ^, thro' which 
the ElHpfis is to pafs. Thus if we lay otf ^ c, 
{tig> 4.) and make e c equal to it, {Fig^ 5) and Fig. 5. 
tb tofbi and at Right Angles to f c, at the 
Point c ercft the Perpendicular c hr:=zchy Fig^^* 
and draw the Line e bi and at the Point b of the 
Line e b=sbf ered the Perpendicular bgy that 
will be equal to ^ jj in Ftg. 4. For e c : ch: z 
th^fb: b g\ by 12. VL Euclid. Therefore 
H {Pfg'5') fet otf in the Circular Ordinate*/ 
from* to ^, will give g a Point thru* which the 
Ellipfis rauft pafs ; And fo for the reft. There 
arc a great many other Ways of drawing Ellipfes 
to be met with in the Conic Writers : I have men- 
tioned this here, b^caufe it flows from a Property of 
the Ellipfis, which I fliall (hortly have occafion 
to make ufe of. And for all other, the Reader 
muft be refer'd to thofe who treat purpofely on 
^^t Conic SeEiions. 
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P R O P. I. Theorem; 

Jf a Circle is Perpendicular to the Plane of the Pro^ 
jeEtion^ having its Plane coinciding withy or Paral- 
lel to^ Lines drawn from the Eye af an infinite Di- 
fiance ; it is projected into a Right Line Equal to its 
Diameter. 

Demonstration. 

fit* ^* i.T E T the Circle ab du be projeded upon 
P J the Plane gpqfy to which it is perpen- 
dicular, by the Eye, at an infinite Diftance, ha- 
ving its Axis continued i e b c u coinciding with 
tht Plane of the Circle to be projefied ; and there- 
in perpendicular to the Tame Plane : As the Axis 
of the Eye continued, and. the Circle to be pro* 
je&ed, are in the fame Plane, iecu mud be a 
Right Line by i.XI. Euclid i and confequently will 
projed the Points b and u of the Circle in the 
Point e of the Plane, in the common Sedion of 
the Planes a dfg and gf qf: As it muft be io 
both the Planes. If iec changes its Place fo as to 
become fucccffively hga znd kfd^ as it ft ill con- 
tinues in the fame Plane, it \vill projed.4 in g 
and d in / in the fame Plane with e^ and there- 
fore in th^ ' common Sedion of the Planes /i dfg 
zndgp qf:- And the Cafe is the fame with all 
the intermediate Parts of the Circle baud^ which 
will be reprefcnted by a Series of Points in the 
Interfedion of the Two Planes 'twixt g and/; 
Therefore gfy which rcprcfents the Whole, muft 
be a Right Line, by 3. XI. Euclid^ equal to 4 ^t 
becaufe a g wd 4 f^ a d and ; /, are Parallels 1 
by 34. 1. Euclid, 

>. If the Leffer Circle omnx parallel to a bdu 
U to be prpjeded in the fame Plane, it will be alfo 

r^pre^ 
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rcprefented by the Right Line /r q equal to its 
Diameter o»: For if we fuppofe Circles cutting 
thefe Two in every Point of their Circumference, 
and {landing at Right Angles to /em, Parallel to 
b cu\ 'tis plain, that Lines drawn from any Points 
of 'em, as from h and m in one, ti and i in another, 
and and juu in a third, to the Eye at an infinite 
diftance, will be Parallel to each <>tHer ; by Lem^ 
ma L AH the Lines therefore of which the Plane 
op qn confifts,will be Parallel to t\io(to(agf4'* 
Tiicrcforc]^? qwdgefmll be parallel; by i6. XL 
Euclid. Therefore /r I ^ is a Right Line, which is 
appar^tly the Reprefent^tive of m a x n^ and 
Equal to ocn\ by 34* I. Euclid. 

Q, £. D. 

Scholium I. The Reader will perceive in the Se- 
quel, that in SterHgr^phic Projedjons; Leifei: Circles 
perpendicular to the Plane of the Projedion are 
projefted in Circles ^ and to : the next P^opofiti0n 
iave one, that m^Onkographic Prc^'eftions, Circles 
ioclio'd to the Pl^eof the Projeaion^arcprojea- 
cd ip Ellipfes ; aod/q are, in ftrid Gieometry , Per^^ 
pendicular Leffcr Circles topj aswery one may 
prove , to himfelf, . who rightly. ^ uflndet (lands the 
Scholium to the B^fijLmma^ . Bu^ aa.tbe Eye is 
fupposM, in thefb Cafes, at ati indeccrminate great 
Diftancp from thi^iflaiic pf the; Projjpfikion ; com- 
pared with which,, ^he Semi-diameteETof that Plane 
may be look'd upon- as< nothing ; and confequently 
as its Axis continued paiSng thro* the Centre of 
that Plane, may alfo bo confidered »s coinciding 
with[;itb« Plane of each Perpendicular Circle: 
Heace it mufl follow, that thefe Ellipfes will have 
their Foci infinitely near the very Ends of their 
Tranfverfe Axes } and confequently their Conjt^ate 
Ax^s^iU^anifh; and they will appear, to all In- 
tents iiid iPurpofes, Right Lines. 

C 4 SchoU 
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Schol. 2. If the Plant of the Projeftioo be a Great 
Circle of the Sphere;^ one of wbofe Diameters is 
a cdy and which fiands at Right Angles xoalduy 
and its Parallels ; a^n n being part of its Plaoe : 
'Tis evident that Ax z=:p q will reprefent jn » x ; 
and ^i~^/ will reprefent^^Jaf. : -. 

PROP. II. Theorem. 

If a Circle is Parallel to the Plane of the ProfeSha, 
and Perpendicular to the Auis of the Eye con- 
tinued fafjing thro* its Centre to the Centre of 
that Plane^^ it is projeBed into m Circle Equal to 
itfelf. 

Demons TVRATiON. 

THis ts plain: For all Lioesf drawn from the 
Circumference of this^CircIe to the Eye at an 
iotibite Dillaoce ; aod pai&ng through, or^ if need 
be, continued ro the Plane of the ProjcAion, will 
-be paralliel €0 each other, and to the Line paffing 
thro', the Centrisof theCirdctobe proiedted^ arid 
'l4>e Plane of the Projection ,• by Lemma I. There- 
fore if v^e Conceive 'em drawn from every Point 
of thd Cfrtumferehce^the Cirde to bis projedted, 
andconcinned to the Plane of the Proje&ioa, as 
they are at> Right Angles to chat Planer and to 
• that of the Gtrcte to be pPOfe&ed, they wi4! evi- 
dently form a Right Cylinder; by the Nature of 
which tfife Bafe it! the Plane of the Projediod is 
aCirde^ equal ti:P the Circle projeded. 
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P R O P. HI. Theorem. 

If a CircU is incUffdto the Plane of the PrajeElm^ 
to which PloiieMnes drawn from the Eye at an infi* 
niteDiftanceare at Right At^ks^ the Circk is fro- 
jeSed into an EUipfis ; haviff its Longer Axis equal 
to its Diameter^ and its Shorter to twice the 
Co- fine of its Inclination to the Plane of the 
ProjeElion^ half its Lmger A^s keing the Ra- 
dius, 

D EMONS^TRATIOH. 

LE T the Circle ji</f<? be loclinM toilie Plane F«. 7. 
of the Projeftioo dgef^hviing. one of its 
Diameters ted common to icfelf and the Plane 
of the Proj«aion ; to which the frincipal Km^ or 
a Line drawn from the Eye at an infinite Diftance 
thro' the Centre of the Plane at Right Angles with 
it, is Perpendicular ; but to all the r^ft, as not 
to be found in the fame Pfane^ Obljqiie : Let fall 
Perpendiculars from a to i, from /to i, and fo from 
how many Points foeveryou pleafeof the inclined 
Circle tothe Plane of the Proje&ion: thefe Per- 
pendiculars will be Parallel among themfelves, and 
to the principal Raj cp q continued ; and will pro- 
je& the Circle upon the Plane into an EUipIis dg 
kef 

For the Perpendiculars ag and k I are Paral- 
lel, by 't>emma I. Draw therefore / h parallel 
toac, and k h parallel to ; c; and fuppofe the 
Piapet^rdc^ at Right Angles to the Diameter 
ec d. The Square of ^ c is equal to the Redangle 
under ecd, and the Square ot I his equal to the 
Redangle under ^ A i; by Lemma II. Therefore 
D ac: a I h: : tDdc e: tSdhe. And in the 
Triangles acg and Ibk all the Sides being re* 

fpeaively 
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fpcftivcly Parallel, ; and the Angles at i; and £ 
Right ; and acgaslb ky asform'd by the fame 
Inclination of the fame Planes; therefore they are 
Simifer ; and acigc: : Ih : kh. Therefore fby 
12. VI. Euclid^ CD /2C ! U gc : : U I hi h l 
Therefore ZDdce{^Q.ac) : U gc::n3 dbe 
(=bD/A): U kh. Not in a Ratio of Equality, 
as in the Circle ; becaufe the Square of g c is ap- 
parently lefs than the Square 6f a c, and the 
Square of kh than the Souare of Ih. Therefore 
(by Lemma HI.) the Points g and k are in an 
EBipfis. And fo for the reft. And the Longer 
Axis is vifibly Equal to the Diameter of the 
Circle ^ci.- And theShprter to twice ^c, which 
is the Co-fine of ac g[ to the Radius c r or j c the 
Inclination of the Circle to be projected to the 
Plane oi the ProjefilonJ 

''&hot *Tis plain, that Circles caJi brify be either 
Perpendicular^ ParaBet, or Inclined to .the Plane of 
the )Pri)i6aibn ; and confequently^ the three fore- 
going Prbpofitions demonftrate undpr what Fi- 
gut;es all Circles that! can be drawn qpon it will 
appear ^i'viz,. Either' as Right Lines, Circles or £7- 
tipfesy iTi Orthographic ProjeElions. '/ \ 
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^rojeStion of the Sphere. 17 

S E C T- 11. 

of the Methods of Determining the Requires St&.lL 

for the Delineation of the reft of the Circles 

of the Sphere upon the Plane of the Projec- 
tion, 

P R O P. I. 

If a Circle is Perpendicular to the Plane of the 
ProjeElim^ it is projeEied iy drawing a Bight Line 
from one Point to the Qtber, where it inter feiis that 
Plane. 

Demonstration* 

IT is= projeded ioto a Right Line equal to 
its Diameter by Prop. 1. Se£i,L And that 
Diameter being in the Plane of the Prc^fiioD, 
reaches from one Point of Interfedion to the 
other. 

HE.D. 

CoroO. Hence it is eafy to difcover what Perpen- 
dicular Circle is reprefented^y any projeSed Rj^ht 
Line ; viz,. If we know in what Points that Line 
iaterfe(5ls the Plane of the Proje&ion* 

P R O P. IL 

If a Circle is Parallel to thf. Plane of the ProjeSiion, 
its Centre is the fame with that of the Plane of the 
ProJeSion^ and^ its Radius is Equal to the Confine 
of its Elevation ahve^ or Difiancefrcm that Planf^ 
totheKsidiusoffhe.ProJeliion* 

, D EM O N3T RATION, 

Circle Parallel to the Plane of theProjefiion 
is projeded ioto a Circle Equal to itielf ; 

by 
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by Vrof. II. Sett. I. Therefore the Radii of the 
Primitive an^Reprefeotatiye muft be Equal* But 
by the Nature of the Sfbere^ the Radius of any 
Parallel to a Great Circle \% the Co-(ine of its 
Diftance from that Circle to which it is Parallel. 
Therefore the Radius of its Reprcfencative is the 
fame. 

CoroU. Hence we may difcover what Circle is 
reprefented by any projefited Circle in Orthographic 
ProjeBions ; viz.. By takitig its Radius^ and find- 
ing what it is the Sine of upon the Se^or open to 
the Radius of the ProjeSion. For fo much is the 
Primitive Circle diftant from one of the Poles of 
the Projeftion : Or titking that from po Degrees^ 
the. Refidue js the Diftance o£ that Parallel from 
its Great Circle. Odly here the Reader muft ob* 
ferve^ tbatattlkcfler Circles-parallel to the Plane 
of the Pro)edion, which are equidiftant.firom 
each Pofc of that Plane, arc reprefented by 
the fame Circle in the Proje&ion ; fo that each 
Circle within that Plane ^rcprefents Two Leifer 
Circles of the Sfiere^ ooc Sit a given Diftance 
from the Plune towards itbei>Eye, ;and the other at 
the fame Diftance from the. Plane towards that 
Pole which is oppofite to that which is neareft to 
the Eye. .;! .q o .' . 

; PRX)K III. : 

If a Circle istnclm'd tirrb^'Plihe of the, ProJeEtiou^ 
the EUipRs ivhichr^prefeiits if is frojeUei by layitt^ 
iff its Longer Axis; whichis always Equal to its Dia- 
meter^ from one Point to the other y in that Line where 
the Plane ^ajjihg thto^ the Diameter of the Circle to 
be frcjeSed interfe&s the Plane of the Proje^oni 
And^ biffeSlingthat Axis^ ihe Shorter is^dHemiiid 

by 
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by Jetting off from that Point at Right Angles to 
the Longer Axis on each fide the Co^Jme of its In- 
clination to the Plane of the ProjeHionf to half 
th^i Longer Axis as the Radius. 

'Demonstration. 

THis is a manifeft CoroBary from Prof. III. SeSk 
I. And having the Longer and Shorter 
Axis, the Reprefentative EBiffis may eafily be 
drawn by Corol. 2. Lemma II. &£F. I. 

(^ED. 

OnroB. Hence we may eafily find what Circle is 
rcprcfented by any EBiffis in Orthographic ProjeBir 
ons. For if it is a Great Circle^ its Semi^conjugate 
Axis is the (^o*(ine of its Inclination ro the Plane 
of the Projeftion: If it is a Lejfer Circle^ its In* 
clination isdifcover'd the fame way; and its Di- 
ftance from its Parallel Great Circle^ by the Length 
of its Semi tranfverfe Axis ; which is equal to the 
Co-fine of its Diftance from, or Elevation abovCf 
the Great Circle, to which it is Parallel, to the Ra^ 
dius of the Projedion. Only here alfo the Reader 
may obferve, that the EKpJis which reprefents any 
Inclined leflfer Circle, reprefents alfo another Le/- 
fer Circle parallel to it, and equidiftant with it 
from that Great Circle of the ^here to which they 
both are parallel, on the contrary Side of that 
Great Circle; As every onemuft feewhounder* 
ftands Prof. IIL &a. I. 
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SEC T. III. 

Seft.lH. of fie Menfuiration of Circles frojeBed Orthogfa- 
phically, whether Great or Sxnail. 

P R O P. L Problem. 

ff Circle is projeSied into a Right Line, to cut that 
Line into Parts Reprefentative of any ajjignd Divi- 
fions of that Circle. 

Solution. 

lAg. %. -m ^Ivide the Right Line proposM as a ^ into 
I B Two equal Parts in the Point k; and upon 

" jL^ k zs z Centre defcribe the Circle adbg^ 

ivhich will be equal to the Circle projeded by 
Prop. I. SeEl. L And ii it is fuppos'd divided into 
Six Parts in the Points ^, e^ dyb.fy and^ ; the op- 
posite Part$€ a^ ag, &c. being equal : Lines drawn 
from e to g^ and df to/, will cut off h a anfwering 
to e aot ga ; i h anfwering tode or/ g ; and h i 
anfwering to db or if. Becaufe Cby Lemma I. 
SeH.I.) Lines drawn firom any Points in a Circle, 
as a, and ^, through the Plane of the Projedion, i 
as a ly to the Eye at an infinite Diftance, will be i 
parallel to #ach other : And confcquently the 
Parallels^ e and a I will cut off A ^ equal in Rc- 
prefentaiion loae ox ag* 

Schol. 1 . The Reprefentative of an Arch of a 
Circle OrthographicaEy projeded in a Right Line, is 
equal to the VerfedSine of that Arch to the Ra- 
dius of the Circle to be projefted. For h a the Re- 
prefentative of the Arch e a org a is the Verfed Sine 
of either of thofe Arches, or the Angle ek a or ak 
gy to the Radius k a. Or the Co-fine ofea taken 
off from k toh, leaves £ii the Reprefentative of ea. 

Schol. 
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Scbol 2. If a Right Line which is the Projeaion 
of a Circle is cut into an afSgned Number of PartSf 
we may know what Arches of the Circle each 
Divifion repcefents by the Reverfe of the Procefs 
of this Problem : t^z.. By firft drawing the Circle 
about it, as in the Problem, and tl>en drawing 
Perpendiculars through the Points of Divifion, 
and continuing them to the Circumference of the 
Circle ; for they will manifeftly cut the Circle 
To as its Reprefentative Right Line is cut. 

PROP. IL Problem. 

If a Circle is prcjiEied into a Circle ^ to cut the Pro- 
jeSled Circle accordingly as that which it refre^ 
fents is cut. 

SOLUT ION. 

TH E Proj^ded Circle is equal and like to the 
Primitive it reprefents in all refpeds ; by 
Theor. n. Sid. L Therefore equal Arches of it an- 
fwcr to equal Arches of the Primitive : Which 
mayeafilybe taken, as the Divifion of the Pri- 
mitive requires. 

Q.E.F. 

PRO P. IIL Problem. 

// a Circle is projeSled into an Ellipfis i to divide the 
EUipfis into any Number of PartSy anfwering to 
any ajjjigndDiviJims oftha Circle fo projected. 

SoLtrTION. 

LE T the Circle ddbe ht projeded into the fig. 9. 
EBip/isg dfey and. let the Quadrant of the 
Empjisge be required to be divided fo as the Qua- 
drant of the Circle a e is divided in k. Draw a 
Circle upoh the Plane of the Projedion d hei 
^qual toaebd, and divide its Quadrant heinm 

as 
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as aeis divided in k : And from m let fall a Per- 
pendicular mp upon rf^ the Tranfverfe Axis of the 
Etlipjis ; It will cut the Quadrant of the Ellifjis 
|ein/, as the Quadrant of the Circle ^e is cut 
in k. 

For drawing the Lines a hand a gy k m and k /, 
to the Grcle znd the Ellip/ts in the fame Plane ; the 
Angles dcaznddch being Right, the Plane ahc 
muu be perpendicular to the Plane dc b ; and the 
Line bg c being the common Sedion of thofe Two 
Planes» a Perpendicular from a muft fall in it; but 
it rauft alfo fall in the Projeaed E//i#, by Prop. 
IlL Sea.l. Therefore in the Pointy wherethe£/- 
lipfis interfeds the Line hgc: and, by the Con- 
ftruftion, the Line Ip being drawn parallel to a c, 
zndmptobci the Plane A w/ is perpendicular to 
the Plane bce^ or bdei therefore a Perpendicular 
from the Point imuft faU in the Line mp; but it 
muft alfo fall in the Ellipjls ; therefore at their In- 
terfcftion in the Point /of the Line m I p. The fame 
may be prov'dof all the intermediate Points *twixt 
a and i, that they will fall on all the intermediate 
Points 'tWiixt ^ and / : Therefore theArch^/in 
the EBipJis reprefents the Arch akin the Circle. 

Q.E.D. 

Coroll. If the Etlipfis is divided into any Num- 
ber of Parts ,• to find what Parts of the Circle 
they reprcfent, 'tis evident, that, after having cir- 
cumfcrib'd the Circle uponits Longer Axis, and let 
fall Perpendiculars from the Points of Divifion in 
the Ellipjis to that Axis, if we continue *cm to the 
Circumference of the Grcle^ they will cut it as the 
Ellipfis is cut. Thus the Perpendicular Ip conti- 
nued to i», gives the Arch h m anfwering to gl, and 
wi^anfwering to lei by the preceding Dempn- 
ftration. 

S E C T. 
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An JS^am^ ito tie firegBtug Rules in the Oj^rhogra-Scfl. IV* 
phic Pr^eEim qf the Sphere upon the Phne of 
tbjs firfi Mcu4iaa, or Solftitial Coliirc; to the 
I^a^itHde 0/ 51*^. j2r' oo--. North. 

IF wo^ cpncieve th%£]^e 4t 4n lofinite Di-Rgi xo. 
ftaqc^,, proif cling th« CircUs of the Sphere up- 
OQt^^ Flaw of xhtiSi^J^ial Coime, with t^Q 
principal Raj^jdr^iivtt fromu (o tl^^ Centra 
oi tile SfMf^ petrpendicuiar to th^t PUne ; *tis c- 
videot (by Prop. II 5e£?. L> \hAt tiie Sol/fiitial Colure 
itfelf wiU t>« a Ctrcte. Which k( t^ie the Circle U 
hE 0. : 

An4 ibe JEquat^r, EoUpticy HoKiz$n^ EquinoBiat 
Caiurey ap4 their farakekj beipg ptrpendUular to 
the Pl»oe ©f th^ ProJQiaioPf wili be projected ja 
Right tiftJ?^ f^ual to . their refpeftive Piameters ; 
by Prof. J. 5f^. IJ- Thofe r^prefenting the great 
CSrck^ P^fl&l^ throVthe Ceatro' gi? the Projeftion ; 
3^4 the R^refentaciv^s.Qf all PaxaBth cutting the 
CircAnp^ferfpcQ of the Projeftipn in thofe Points 
vhere cb§ Paml/efs ihcmfclves cut the SJJiiual 
Cohre m ehe Spi^^e. 

het k^ rciprcfeiif the Horizon ; the plevation 
^tbf^^jK^ar ahoye ip, to the Latiti^de of ji** 
ja' 00"^ i$ j8* 2?' op" j the Chord of which Arch 
to th^R%diu$of the Proje^ion ^ ptihi^ of from 
k toa %hQ^99 and from to gr below the Horlxon^ 
gives the |?oipts 4; ^,apd through which Points and 
the Centre * of cjie Projeftion, if a Right Line 
be drawa^ it will be the Reprefent^tiv^e of the E- 
qua^or ^^ q, The greateft Elevatioa of she Ecliptic 
^^(>Vf^ the Equator is 2 3 29' 00" i the Chord of 
which to the farne fi^diuj laid oftfcom 4 to ^, and 
frpiHf fnp yfy gives us ^ IT yp the Reprefentative 
of tbd Elliptic. And t\\fi^EqUino^ial Colore paffing 
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thro' the Poles of the World, and the Centre of the 
Projeftion, is'reprefented by the Right Linej> T «,. 
coinciding with the Axis of the Sfherey smd re- 
preienting alfo the Six-aClock Hour Circle Morn- 
ing and Evening \ as the upper part ot the Sol- 
ftitial Colurep a «, docs the Twelve-a-CIock Hour- 
Circle at Noon, and the under Part o(it pqr the 
fame at Midnight^ in Jfironomkal, or common 
Englijb Hours. The Axis of the EcUpttc is « s^ ? 
having its Poles c and K diftant from the Poles of 
the Equator p and x 23^ 29' oo'\ 

The principal Parallels to tht Equator defcrib'd 
upon the Sphere (which miy teach us how to draw 
any other Parallels either to it, or to any other 
great Circle, perpendicular to the Plane, and 
projeded in a Right Line) are the two Tro- 
pics^ and the two Polar Circles ,• which are pro- 
jefted in Right Lines alfo; by Prpp. I S^. H. 
and its Scholium* And their Reprefentatives in- 
ttr(t& the SolftitialColure in the Plane of the Pro- 
jedion in the Points anfwering to thofe in which 
the Circles themfelvcs interfed it in the Sphere by 
pYop^ I. SeB. 11. If we therefore lay otf the Arch 
^©, on the upper part ^3'* 29' 00" from^f to 
So> and on the lower part of the Projeftion jfrom 
^r to Vf -, the Right Lines « r • and V J ><^ will 
reprefent the two Tropics. And the Chord of 
23* 29' 00" being laid off from ^ toe and ft, and 
from ir to 11 and ?, where the Polar Circles cut the 
Solflittal Colurey that being their Diftance from 
the Poles of the Globe, ^k $ and ? X h will re- 
prefent the two Polar Circles. And after the fame 
manner the Parallels to any other Perpendicular 
great Circle may cafily be drawn. And thus 
much for the drawing of fuch Circles of the Sphere 
as are reprefented by Right Lines. 

As to Circles Parallel to the Plane of tho Pro- 
jeftion, or the Solfiitial Colurey they are proje&ed 
in Qrclcs equal to themfelves; hy Prop. II. SeB. I. 

having 
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having the Centre of the Projedioa for their com* 
mbn Centre and Pole. If we know therefore how 
far diftant they are from the PUne of the Solftitial 
Colmey in the Arch of a great Circle perpendi** 
cular to both, the Cojine of that Arch is their Ra- 
Jiuff which is greater or lefs according to their 
Diftance from,or Parallel Elevation abo\'e the Plane 
oftheProjedion; by Prop. II. Se£i. II. Having 
therefore the Semidiameter amd Centre of a Circle« 
the Circle itfelf vp»y ealily be drawn* Thus if 
a Circle is to be projdfined apon the Plane, of the 
Solfiitiat Coiure elevated 30 Degrees above that 
Plane^ and Parallel to it ; the Sine of 60^, dr Co- 
fine of ^o" to the Radius of the Projcftion, fet 
oflFfrom ;sii to ft^ gives the Radius of the Circle 
to be projeded, which confequently may eaGly 
be drawa* Or if we fet off the Chord of 60* from 
Uto X in Che Quadrant C/r b, Und let fall a Per* 
peadicular from f to the Horixjontal Line h ^ 0^ 
it will give the Point Vy and confequently theii^* 
dins of the Circle to be projeded (ft v. ^ 

The iSm feeming every Day to run round the 
Equator, or one of its Parallels, in 24 Hours, or 
equal Spaces of Time, into which the Artificial 
Day is divided 9 in one Hour it muftrun 1$ De- 
grees, in two 30, &c.: And the great Circle upon 
which it is found at any Hour which pailes through 
both the Poles of the Equator is calfd an Hour- 
Circle: And the Solftitial Colure being afTum'd as 
the Ftrfl Meridian^ or Meridian of the Place ; ic 
will be the Hour-Circle of Twelve at Noon and 
Twelve at Midnight: And the EquinoSlinl Colure 
being at Right Angles, or Perpendicular to it, and 
paffing thro* the Poles of the Equator, as all the 
jffiromnucal Hour-Circlcs do, it will be the Hour- 
Circle of Six in the Morning and Eveningt the 
Sun running a Qu^idrant of the Equator, or one 
of its ftraUcls io Six Hours, That Circle is re- 
D 2 prefented 
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pr cfeotefd herei by p ?i t. The reft of the Hs^lmr 
GircJes at'e yifibly Inckfid to the Plane of tht Bro^ 
jteftioo, and are therefore proje&ed in EBiffes ; 
by PrQp> IIL Jefl. I. having their longer -Aiis 
eqoal to the Diariiiter of the Projeftion, f T ^ i 
and their fliorterco twicethe Co-fine of their In- 
clination to thi Plane of the Proje&ion, th^ Senri" 
tranfverfe Axis being iht Radius. 
f If wte are therefore ffeqnireKi to proffeS the Hour- 
Cirde; cfSe'oen in thfc MdminS)^ ttaNdl IFxi^/iil the 
Evening, Seven at Night and fiv^ in the Morrii&gj 
for every one of thefer EUif^es plaint}^ reprtfetttx 
/o«rH^urs^as the Hour-CircIe!bf S*.^ :P:ir « 
perpendicular' to the Plane df tfce^ Projfefiiaii, f hfe 
nbxtdiirilbe ij* //icftVrf to^-ic, and confequeilHy 
7'felproted ibove the Plkrieofthe Proje6kibn : 
And cdnfeqnently the Co^fi«rdf chUt Etevacion^ 
orWie-Sineof ij*, totheiftjrf/riiofthe Projodioq, 
fct ^S from 324 to «*, and from •• to p, by Prop. HI- 
&ff. li. gives the Aorter Axis of the Ell0s re- 
quired^ ^ p. Which being had and the longer 
Axis)) T »,.thc Ellipfis fff. » ]>; rcprefenting the 
Hour-Circle affign'd maylbe dtawn, by GmfB.'i.. 
■Lemma HI. I have here gmn a Scale (Rg. 1 1») 
to the JS^i/i/i of the Projection /7^. lo. in'wnich 
tt reprefent$ the Semi-tranfi^fe^ and c i% the 
Semi^confugate Axis ofthe jB&)y&,xeprefentingdi« 
fiour-CircIe above- mentioned ; : and lo d$ ^lo e^ 
30 /y 40 ^, ;&c the Semi-oirdinates of that EUipfis^ 
^hich ereOil perpendiculirly at 10 Degi^fes tli- 
ftance from «arh other Cvdiich is d6de by lay^ing 
loff the Chord of lo Dfcgrfees from ^ to x, and y tfi 
i:,f &c. and drawing the Line x 10 z) gire rf^e, 
/, J, Sec: thro^ ^ivhich the EBiffispzSct. Accor- 
ding to the Coro//i7;5f referred t6. Aftir the f^tec 
miJnder vi c tepreferits the Semi'tranfoerfc -and 
c -.50 the Semi-conjugau Axis ^of the tssxtiEB^jk^ 
ami upon: the Line ^30 the i^wt^or^'nMef ate 

majck'd 
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madr^d outt Butthefe Tbingsj^aft bp evideot 
upon jbaire Infpedton to eirery ooe who mid^rftands 
the Cpr^ll^ry here eked. I ih^Jl only here remark, 
thacif che Poiots ivhere the Or dilates are rajfec^ 
are taken to every ; Degrees or lefsj^ the Points 
thro' which the EUipJis muft pafs Mng more ana 
nearer to each other, the EJtiffis may be drawn 
with more Exadoefs.. ) 

Thefe Hour-Circles are Circles o( Longitud0 ip 
the Terreftial Sphere, and of Right' Jfcepju^ 
ia tbe^Ceieftial. The Circles of Lopgiijtpde in tbf 
Celoftial^&re cut each other in the Poles ofthp 
Ecl^ci^ andC; and (all ia EUiffif dra\ifn ^kpc 
thejame manner with thefe I have inftaos^'d in, 
having cfaeir Requifites deducible from the famp 
Scaler .And for determining their CofiJMgatfi Axef 
we need not only taj^e the Method now laid dowjj, 
butifwe lay off tlie Chord of the Complement 
o(jdie<vlnclinatioo of-aoy Hour-CircIe (for inr 
flaiuie) to the Plane of the Projedion from f op 
hdth fides, and let fall Perpendiculars,. from the 
Points found to the £;«tf^ ^-(^ .f, . where thoCe 
Perpeodiculars cut the Equaeor th^y will visibly 
determine the flidkroer Axis oft he Eilipfis r^eqiiir^d) 
^sthiymztk out^wice the Co^Goe of the Incli- 
natioQ of that Circle to the Planefof the Prp jeftioi] : 
And ioihe Cafe of Circles x]dF Geidlial Longitiide 
wjiich iM^ach other in the Poiea of the .£c//]^r;V« 
iike Chords laid^ ^ from i< on both > fides, and 
Pcrpeikiiciilars let fall to the £c//>ftfc « T yf wiil 
do'the fame. And if a leflfer Circleis to be Pro- 
jeded wHich is Parallel to one of thefe Inclin\d 
Circles, its Requi(ites may eaiily be found by 
CeroU. Prtpi HI. SeR^ II. So that by one. or other 
of thefe Methods ail the Circles of the Sfhetr^ 
whether great or fmall , may be , pno jeded qpcm* 
the Plane of the Solfiitial Colore^ or that of any 
other affignable Great Circle ; as they are all either 
D J Perpen- 
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perpendicular^ Parallel, ot^tnclind to the Plane of 
^ny one ef the Great Circles of th^ Sphere \ and 
confequently mud fall either in Right Lines ^ GV- 
fles, or EUiffes, determinable as to their Nacures, 
Fofitions, &c. by the Rules laid down in the 
Second Sed:ion. 

If "wt are to cut the Reprefentative of a Perpen- 
dicular Circle into Parts aofwering any aiBgn'd 
Divifion of the Circle it reprefents, (x/ix. the 
Ecliptic J which, in the Projeftion we are upon^ is 
reprefented by the Right Line ® $& ^ } the 
Circle required to be drawn about it, by Propyl. 
SeB. III. is the Soljiitial Colure upon which the 
Projedion is made ! If we are therefore to repre* 
fent the Twelve Signs upon it, each of which con* 
tains 30®; if we lay off the Chord of go** from 
^ to % and from s> to %, and lay a Ruler 
upon both Points, it will cut the Ecliptic in the 
beginning of n and £1 : The fame Chord laid off 
from w to ft)', and from V to /; if wc lay a 
Ruler upon both thofe Points, it will cut the 
Ecliptic in the beginning of t and x& : The Chord 
pf (5a^laid off in the fame manner, will enable us 
^ to difcover the beginnings o£ >6 and W, v\, and ^ 
and the beginning of 1^ and fitare in the Centre 
pfthe Projedion. And thus may the Reprefen- 
tative of any other Perpendicular Great Circle be 
divided at pleafure. And Leffer Circle projefted 
in Right Lines may be divided, asyoapleafe, by 
fdr^wing Circles about them, as the Selftitial Colure 
1$ drawn about the projeded Ediptic; and divi- 
jding them as yon would have the Projefted Cir- 
cles divided, &c. 

Every bodymuft fee,, from Prop. Ih ,Se3f III. 
how tp cut a Projeded Parallel Circle accordingly 
as that whicli it reprefents is cut; lihall not 
|herefpre trouble the Reader with any Ipftance 
>injipr this H?a(|, Aod (by frop, |II, S^^, III.) 



Digitized 



by Google 



Troje^isn^rfj^he Sphere. jp 

if ao WUffis^ the Reprefentative of an IncUnd 
Circle, i^ to be cue accordingly as the Circle is 
vbichitpeprefents; if we draw a Circle about its 
Longer Axis, which will be equal to the Circle 
which it reprefents^ and divide that Circle as the 
Firft is divided i and from the Points of Divifion 
let fall Perpendiculars to the Longer Axis of the 
EUifjU ; they will cut the EUiffis as the Circle 
which it reprefents is cut. 

Thus if in the EUiffu /> E * "ft , we arc to cut 
from off the Quadrant pior f h an Arch an- 
fwering to J5** of the Circle it reprefents; as the 
Circle j> a v q is drawn about its Longer Axis, and 
equal to that Circle; if we fet off the Chord of 
55* to the Radius of the FrojeSion from/^ to <f, 
and from ^ to %, and draw the Line d^ %^it will 
cut the Quadrant fi in 8, andp % in 9, as the 
Circle it reprefents is cut : And/ 8 and p 5 will 
anfwer to '55^ in the Nine and TT^ree-a-Chck 
Hour-Circle Morning and Evening, counted from 
the North Pole of the Globe. The perpendicular . 
89 5 Tt will alfo cut the reft of the Hour Circles 
after the fame manner ; as any one muft fee, who 
underftands the 7"A/r J Problem of the 7*/ri Section. 
And if Leffer Elliffes, Reprefcntatives of Lcffer 
Circlesj are to be divided, the fame Method is to 
be taken : The DemonAration of that Probkm not 
taking their being Greater or Lefs into Confidera* 
tion, but equally concluding whether they are 
Creator Small. 

In the Projedion before us^ a great many more 
Reprefcntatives of other Circles of the Sphere 
might have been drawn ; but they would have 
rendered it confufed, and therein lefs intelligible 
to fuch as are not already acquainted with this 
kind of Projeaions. By the Rules already laid 
down, thofe who have a mind to draw more 
may b^ fupply'd with Requiiites to draw them ; 
D 4 and 
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and from fhe Infiances txcw)fgivek]) they are 
taught how to reduce thofe Rules to Pra&ice. 
And whereas I might add to this feveral other 
Infiances of the Orthographic Projeftion of the 
Sphere upon fevcral other of its Great Circles, 
they breing inflnite, and each of ^em admitting a 
Projedion upon it : Yet, from the Inftadc^ al- 
ready given„ the Reader rinay. eafily learn how 
to projeft the Sphere OrthograpbieaHy upon any 
other Plaqe : And the Difficulty of Drawing MU 
lipfef e^a&ly, making tlus .kind of Projedions 
the \^k ufed, I (hall prod oce Inftances upon more 
Planes, when I come, to the laft Sefiion of the 
next Chapter, relating to Sm-e^grdftfkfk Pr^- 
jeSlionu ... 
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C H A P, IL 

of the Stereographic Pror 
je^ion of the S P H E R E. 



SECT. I. 

Oftht Ap^eitrunce of the Circles of the Spheit Sea. i. 
u}on the TUme of the Trojelfm. 

PROP. I. Theorem. 

AH Circles whioh pafs throi^h, and cut each other * 
in the Poks of that Gieac Circle upon the Plane 
af which the ProJeSiion is to be drauiny being Per- 
pendicular to that Plane f are reprefented by Right 
lines upon the Plane, of the Proj^ion. 

Demonstration* 

Conceive a cb to ht a Diameter of the Fig. 12. 
Circle upon the Plane of which the 
Projeaion is to be made, which may^ 
for Brevity's- fake be call'd the Pr/wi- 
tm Circle, whofe'Plane flands at Right Angles to 
that of the Circle aebd: Its Poles, being 90% 
Aidant firom its Circumference, are repreknted . 
by the Points e and d. Let the Eye be at e, as 
is required in ^r^r^o^/j/'A/c Projeftions; and as its 
Axisj^ in the fame Plane with the Circle aebd^ 
it mull view the Arch a db in the Plane of its 
own Circle ,* and it muft view it in the Plane of the 
frindtive Circle at the fame time ; therefore^ 
ip ch^ir Common Interfeftipn ; But the Common' 

Inter- 
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loterfeAion of any Twd Planes is a Right Line ; 
therefore the Reprefentative of the Semi-circle a d 
h paffing thro' the Pole d of the Primitive Circle 
IS a Right Line« The fame may be demon- 
flrated of the Semi-circle aehj which will be 
reprefcntcd by the Right Line a c b. 

^ E. D. 

LEMMA L 

Jf a Cone be cut by a Plane Parallel w tl}e Plane 
of its Circular Bafe^ the Circumference of that 
SeEiion will be a Circle* 

D E M O N S t R A T I O N. 

^» «3. y E T the Cone rt/c erf be cut by a Plane /A 4/ 
I i thro' the Axis a bj then will the common 
Interfcdlion of this Plane^ with the Plane i khl 
Parallel to the Bzkfde c be the Right Line Igk: 
Which Right Line Igk .will be Parallel to the 
Diameter of the Bafe of the Cone/* e and both 
will lie in the fame Plane /^e,- therefore (by the 
4th of the 6th of Euclid) it, will bc^ * :bf::agi gl 
and ^s ab: b e: : ag: ak wherefore by the {i6 
of the jth oi Euclid) it will be ^/: b e :: g f: g ii but 
*/ is equal to b e^ therefore glis equal to g fc A- 
gain, to any other Point as d, in the Circumfe- 
rence of the Bafe of theCone from the Vertex a draw 
the Right Line ad^ this being in the Superficies 
of the Cone iliall cut the Pjane thro* ikhl fome- 
whcre as in f, and draw^ /, which will be Paral- 
lel to b d- and in the fame Plane with it : Where- 
fore, as aj^: j^ d:: a g: g i therefore where- 
as * rf equal to * ^ is equal to if, gi equal to ^ * 
is equal to g /, and the fame will hold good 
where-ever the Point/ falls, wherefore the 

Scftion* 
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Seftion i kbl will be a Circle and g its Center, 
by the lyth and idth Def. of the ift 6f Euclid. 

Z E. D. 

LEMMA II. 

If a Scalene Cone zlmknbecut by a Plme through rtg. i^ 
its AxiSy at Right Angles with its Bafe^ fo as to 
make the Triangle a I k ; and from this Triangle 
a fmoBir be cut off zt ifimilar to the former^ 
but fubcmttrarily fofited; (i. e. fo that the Angle 
z t He equal to the Angle a k I ) and the 
Com be cut bj a Plane according to the DireSHon 
efe(^ at Right Angles with the Plane of the Tri- 
angle aki; the Se&ion formed in the Surjace 
of the Cane c h f g wiB be the Circumference of a 
Circle. 

Demonstration. 

THroDgh any afSgn'd Point b of the Line ef 
draw the Line c d Parallel to the Bafe k I; 
thor* which let a Plane pafs perpendicular to the 
Triangle akij and Parallel to the Plane of the 
Bafe; it will make the SeElion in the Surface of 
the Cone dhcgthQ Circumference of a Circle, by 
the preceding Lemma; catting the Circumference 
of the Plane of fubcontrary Pofition in the Points 
h and g > and the Plane it felf in the Line h h g* 
Now the Figure^ c b d being a Circle, the Square 
oi b g will be equal to the Redangle under 
c b dby Lemma H. Cap. I. bg being perpendicular 
to c J by the Conftrufiion. And becaufe of the 
fimilar Triangles eb c and dbf it holds eb: 
cb::b d: bf; and eb% bf^cb%bd= Obg: 
Therefore the Point g in the Figure ^e A/ is in 
t^e Circumferefice of a Circle* The fame might 

be 
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be demonftrared oftba Point ^^ ^nd^ltbe pQJuts 
in it. Therefore the S^Uion is a Circle. 

j2: £. D. 

PRO P IL Tbeo/em- 

>fi? the other Circlet of the Sphere, whether great or 
fmaBy which pafs not through the Pcies of the Pri- 
mitive Grcie upon the Plane QftabicV the Prcje£ih 

on is drawnj are Circles upon the Plant o/jhe 

ProjeSiion. ■ • . ^"^ . , 

D £ M O N 8 TK A T X Q K. ' ' 

^'/- '5. |.F the Circle is Parallel to the PJane-of tfc^ Pro- 
Jl ]edi(^n it as a lefler Circle, and pr<^e6ted into 
a Circle by Lemma I. If it is Inclindy let the Eye 
be at a>i projefting the Inclind Circle c b upon the 
Plane of the Primitive * kg cohtimied as far as 
required : 'Tis plain that c b\s proje^ed \nioef: 
And the Triangles a be aiid a ^/are fubcontrary ; 
and confeauently as c * is a Circle, it$ Proj^fiNon 
e kf will be a Circle alfo. For a c d^'a k e^ and 
i^ae 1*5 common ; therefore ae k^ a ^c.'^^ Bttt (by 
21. III. Euclid) adc:=^ ab c ; therefore dbc =s^ ef; 
and, b a c being comndbrt^ afe :=i ac & j that is, ab c 
and a ef are fubcontrary ; and c I reprefentip'g a 
Circle ^/will i-eprefenc one alfo, by Lemn^a II. 

If the Circle to be proje.fted isperpeh'J^citlar to 
the Plane of the Projeftion,. and pafles ijot through 
its Poles; it will be a. Circle for the* fame Reafoa. 
Let the Circle be reprefentcd by / *, perpend ten- 
Jar to the Plane hkf\ it is projefled "by the Eye 
at a into //: And the Angle ai b being equal to 
/ic*, by 21. ni. Euclid i and a cb==^af1yas, is al- 
ready prov'd ; therefore ai bz=: afl: HBut b al is 
common to both, therefore tf //== ^^rrThereforc 
the Diameters/ b and //are fubcontrarily pofited, 

and 
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and thcr Plants which %\\tj reprcfent; zn&ib be- 
irtg the Diameter of a Circle, // will be fo too ; 
id the Cone cut by the Triangle ^/^coatioued 
as for as reqatfite. 

X>. E. D. 

Sthhlium. That this Pir^fition, which is one vld. 
of the grea^ Fundamentate of &iiTo^r^/>Aii: Pro- SchoL *i 
jeiftiodS) may be febfoughly underftood by every ^* • ^**" 
Reader,, it niuft be co&fider'd; that here, as well 
as elfewhere, I fuppofe the Circles to be projcaed, 
and the Plane of the Projeftion, (landing at Right 
-Angtes tp the Plan e t>f the Circle drawn upon the 
Paper ag d k. Asd if we conceive Lines drawn 
from every Poirft of the Circumference of a Cir- 
cle ^/ira&/ to, the Plane of the Projedion, thro* 
that Plane to the Eye; or, if the Circle is nearer 
the Eye thaft the Plane, i^ we fuppofe them drawn 
to the Eye, and then continued to the Plane of the 
Projeftion, 'tis ev^deot tjiat they will mark out a 
Circle in that Plane: As in i7^. 13, Lines drawn 
from every Point of the Circumference oi e d fc^ 
to the Eye at ^» fo^ra in the Plane of the Proje- 
aioft, to which e dfc isfamlkl, the Circle khll: 
Or^ itk ill is to be proj^ed, a-s thofe Lines, 
drawn to the Eye at a, and continued to the Plane 
mark out the Circle e dfc. If we farther con- 
ceive Lines drawn from every Point of the Cir- 
cumference of the Circle whofe Diameter is c d^ 
in Ftg.i^* to the Eyeat^, they will evidently 
fonad Scalene Conte, anfwering to the Cone 
aim hn ItiFSg. 14. aikl this Cone wilfbe cwtfub- 
tiontiraiffly by the Line ^kih the Plane of the Pro- 
fefitoo, as the 'Other {Fig. 14.) is by rficLine ^/: 
For ek^^^ac d^ actd^i a-e'is commoin to dt n and 
tek-n; th^reforOiieito*;cirf/i^. Suppofiog: therefore 
•tipafii^*, the jRefirefootajtivc of c^- in rh[e Plane 
uf the Projeftion, a Plane to cut the Cone, as 

e h 
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e hfg in Fig. r4. cuts the Cone almkn, perpen- 
dicularly CO the Plzneofagd h, as theProjedioa 
of the Circle reprefented by cd mufi in the Plane 
ofthe Projeftion; by its fubcontrary Poficioo to 
the Circular Bafe of the Cone (viz.* the Circle to 
beprojefied) it mull be a Circle ; as in Fig. 14, 
the fubcontrary Pofition of the Figure ^^/ A to 
the Circular Bafe Imkn makes it a Circle. And 
fo for all other Circles whatever which pafs not 
thro* the Poles of that Circle upon the Plane of 
which the Pro]e&ion is drawn. 



SECT. IL 

St&. II. of the Methods for determining the Requires for the 
Delineation of the reft of the Circles of the Sphere 
upon the Plane of the ProjeEtion. 

P R O P. L 

If a great Circle which is Perpendicular to the Plane 
of the ProjeEiion is to be frojeSied ; as it paffes 
through the Poles of the ProjeEiion^ it tnujl he done 
by drawing a Right Line through the Centre of the 
ProjeEiion J and the two Points in which that Circle 
cuts its Circumference ; infinitely on each fidem 

Demonstration. 

^'tg*^^* y ET the great Circle bdce^ paflSng through 
I J the Poles of the Projection b and c, be 
proje&cd upon the Plane of a great Circle whofe 
Diameter isde^ by the Eye at^, being Perpendi- 
cular to that Plane. It isprojeftedinto aRight Line, 
by Prop. LSeEi.h pa(Bng through the Center of 
the Projedion a, becaute the Poles of the Proje- 

^ aion 
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Aion b and c, thro* which it pafles, are pfojeftcd in 
, that Centre. And in this Right Line, a t . and a s 
viCihly reprefent the Arches c q and er ; ad and 
a e the Arches c d and c e : And the projefted Right 
Line muft pafs thro' the Points d and e, where the 
Circle t dee interfeds the Plane of the Projedion 
at Right Angles with it ; becaufe thofe Points are 
view'd by the Eye at a in the Planes of both the 
Circles, and confequently in their common In- 
terfefiion. Farther, If more of the Circle is pro- 
jeded, the Right Line ea dmuQ. be continued on 
each (ide ; and then 4 f ^^^ ^ g ^iil reprefent 
the Arches Idznd mei dl and th thofe o( k d 
and ne. And if the whole is to be projeded to 
the Point a, the Angles It a and hta will vifibly 
fo iocreafe 'till they become Right, the Lines t /, 
th coinciding with i py bo: And bp^ bo being 
Parallel to a I, ah they will interfed 'em Qo 
where ; but aU ah will become Infinite. 

CoroB. I. Hence we learn the Firft Fundamen- 
tal Difference 'twixt Orthographic and Stereogram 
fhic Projedions: For whereas in Orthographies a 
Perpendicular great Circle is projcded, by the 
Eye at an Infinite Piftance, into a Right Line 
equal to its Diameter ; In &ereographicSy when 
the Eye is in the Surface of the Sphere^ it is pro- 
jeded into one infinitely extended both ways from 
the Centfre of the Projedion. Which proves that 
thefe two forts of Projedion are fpecf^fcally dif- 
ferent. As ScenographicSy or common PerJpeSive^ 
is from them both ; projeding the Line longer or 
Ihorterin Proportion to its Nearnefs to, orRe- 
motcnefs from the Surface of the^S^A^r^. And 
'tis manifcfl that there can be no more Kinds of 
Projcftipn, which will reprefent the whole of any 
Objed Upon the fame Plane, than thefe Three: 

Becau(Q 
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Becaufe fuppoling the Eye wichio the Surface of 
the Sfhercy for inftance, at the Point v^ it cou'd 
projef^ no more of the Circle b d a upon the Plane 
dae continued) than the Arch cut oJQFby the Right 
Line x v z.. 

Coroll a. Hence alfo we are taught what Per- 
fendkular great Circle is reprefented by any pro- 
jelled Right Line, knowing the Points where that 
Line interfeds the Plane of the Projeaipn : For 
there the great Circle projeded interfefts that up* 
on the Plane of which the Projedion is madp- 

P R O P. IL 

Pg. 17. ^^ '^-^^^ ^^^^^^ '^^^^^^ Diameter fj h i. Perpendicu- 
lar to the plane of the ProjeSiioUy lahoje Diami' 
ter ij c a d continued as far as requlfite, is to, be ftro^ 
jelled upon that Plane; theCeme of its R^prefrnta- 
tion upon the Plane of the ProjeElion Jball he in the 
Line c a d f> caU^d the Line of Meafures^ diftam 
from a the Centre of tha Primitive Grcle upon which 
. the ProjeSiionis wade; tjathe Secant of tb^ lejfer 
, Circlets Difiance from its Pole; and its Semi-dia" 
meter JhaU be equal to the Tangent of that Diftance* 

DeMONST IIATION. 

LE T the Itfler Circle h i be projefted upoa the 
Plane of the great Circle c d^ by the Eye at 
g ; 'tis plain that the End of its Dian^eter h is 
projeded in the Line of Meafures at k^ and i at 
/; and i / biflfeded, gives ^ the Centre of the 
Circle to be projeded ; and e k or ^ / its lUdius: 
Draw the Lines ab^ h f and h e. The Triaxigles 
a b /and g hb being Redangular, aQd.i^^lvfng the 
Angle at b common, are Similar ; th^teicm 
h gh^bfai Bpt (by .20 III. Euclid) *gA«t 
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iahj and ajbz=: f he a^ therefore bah-=±:he a: 
Butt ah + hae make a Right Angle, therefore 
hea + hae make a Right Angle; and confe- 
quently abeis alfo a Right Angle : by 32. I. £«- 
c//^. Add a e the Diftance of the Centres, is the 
Secant of thfc Ardh h dj the Diftance of the Circle 
to be projefied from its Pole dy to the Rddius of 
the Projeftion a dor ah: And h e the Semi-dia- 
meter of the Circle to be projefted is the Tangent 
of the fame Arch. 

CoroSh Hedce we learn how to derive afjy Per- 
pendicular leffer Circle from its Reprefentativb . 
upon the Plane of the Projedion : For if that part 
of it only is projefted which falls within the 
great Circle upon whofe Plane the Projedion ii 
drawn ; if we compleat the Circle by 5. IV. £«- 
clidy its Radius is equal to the Tangent of its Di- 
ftance from the neareft Pole of the great Circle 
to which it is Parallel to the Radius of the Pro- 
jefiion. Or if we biffeft the Arch of the Proje- 
aion intercepted by this Circle we have its neareft 
Pole; and the Chord of the Arch intercepted 
Wixtthat Pole and either Point of Interfeftion is 
the Chord of the Compliment of its Diftance from 
I the Great Circle to which it is parallel ; to the 
Radius of the Projeftion. 

PROP. lit 

If a Great Circle Inclined to the Plane (fthe Proje- 
Bion is projeSied upon the Plane of another Great 
Circle; the Centre of the Circle to be projeSled is 
dijiant front the Centre of the Primitive Circle., in 
the common InterfeElion of the Plane of a Great 
Circle at Right Angles to the Planes of thof two ' 
Gnat Circles y and the Plane of the ProjeEliony 
E {cail'd 
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(caB'd the Line of Meafures) by the Tangent oj 
the Elevation of that Great Circle above the 
Plane of the ProjeSiiony to its Radius: And the 
Radius of the Circle to be projeEied is equal to that 
Difiancey and the Tangent of half the neareft 
. JDiflance of that Circle from the Pole ofthp Pro- 
jeBion oppofite to that in which the Eye isplac^d^ 
taken together. 

Demonstration* 

jr;^. 18, /^Onceivc a Great Circle as bc^ InclinU to the 
VJ Plane of another Great Circle as / g^ upon 
which it is to be projefted by the Eye at e; both 
being imagined perpendicular to the Plane oidfegi 
I fay the Centre of the Circle to be projefted will 
be found diftant from that of the Primitive a in 
the Line/g h ^which is the common Interfedion of 
the Circle dfeg at Right Angles to the two other 
Circles with that of the Projeftion; and of the 
Rcprefentative of the Circle to beprojcfted; and 
iscail'd the Line of Meafures) by . the Tangent of 
the Elevation of that Circle above the Plane of the 
Projeftion ; and its Semi-diameter will be Equal 
to that Diftance, and the Tangent of 7 <i ^ ^, ta- ' 
ken together. For the Extremity b is projeded 
in the Line of Meafures at /, and a lis the Tan- 
gent oft d a bto the Radius of the Projedion ; by 
20. III. Euclid. And the Extremity c is projeded 
at A; and I his biflefted at f , which is therefore 
the Centre of the Circle to be projected : And it is 
diftant from ahy ai the Tangent oi aeir=:zb af: 
For theTriangle I eh being Right Angled at e as that 
Angle is in a Semi-circle, and having the Angle 
at / common with the Triangle al e^ which is alfo 
Right-angled at ^, they are Similar ^ and lea-= 
i he::=:i e A, as / e and / h are Radii of the Re- 
prcftruacive of the Circle to be projefied, and 

coufequently 



Digitized 



by Google 



Trq;i0$on of the Sphere. j i 

confequently ie ban Ifofcelesi But eta^=z lea ; 
therefore be a-^e ba ^=^bad are Equal to /> A 4- 
ih e^=^aie; therefore bad=: aie; and confe* 
quently aei =: b af% And a i is the Tangent of 
that Angle to ae the Radius of the Projedion : 
And ^ i + /2 /== / / the Radius of the Reprefettta- 
tive of the Circle to be projefted. 

Si E. D. 

Scholium. In this Demonftration one thing is 
taken for granted .which perhaps every one may 
not fee the Truth of at firft Sight, tho' it be very 
manifeft to thofe who underftand the Nature of 
the Sphere: It is this, that ieis Equal toil or 
i b ; the Radius of the Reprefentative of. the /n- 
€lind Circle whofe Diameter is b c, in the Plane 
of the ProjeAion. And that it is fo we fliall clear- 
ly fee if we fupply in our Minds the Circle to be 
projeded whofe Diameter is bc^ and the Plane of 
the Projeftion whofe Diameter isfg^ and conceive 
'em both at Right Angles to the Plane of ttie Great 
Circle dfeg; and to thefe add the Circle whofe 
Diameter is e i at Right Angles to the fame Plane. 
For as all the Great Circles of the Sphere cut each 
other at a Semi-circular Diftance, by CoroU^ 2. 
Def 2 ; an4 their Repr cfencatives in the Plane of 
the Projedion do the fame, by Coroff. 2. Def. 3 ; 
I^ence it is plain that the Reprefentative of the 
Circle whofe Diameter is c b muft cut the Plane 
of the Projefiion whofe Diarqct^r is f g oh each 
fide at a Q^adrantal Piftanqe from the Point /; 
but fo mini the Circle whofe Diameter is de^ as 
de a«d fg are at- Right. Angles to each other; 
therefore theiProjeded Circle muft cut the Circum- 
ference of the Plane of the Projeaion in thefame 
Point in which it is cut by the Circle whofe Dia- 
meter i%dei But a Line drawn from the Centre 
of the nrqipded Circle to that Point of IncerfcAicn 
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is Equal to ics Radius i lor i h; ic is alfo Eqiial 
to a Line drawn from the fame Centre to any 
Point in the Circumference of the Circle whofe 
Diameter is Je; zsi a is at Right Angles to its 
Plane, and confequently i e conceiv'd as fix'd in 
the Vertex i, and turn'd round the Circumference 
of the Circle whofe Diameter is e d will generate 
a Right Cone^ whofe Vertex is equi-diftant from 
every Point in the Circumference of its Safe: 
Therefore / e is Equal to the Radius of the pro- 
jeded Circle $ /, or / h. Or, If we conceive the 
Circle dfe g to be that upon the Plane of which 
an Inclined Great Circle is to be projefted, as 
dleh; their Points of Interfeftion being at a 
Ouadrantal Diftance from their projefied Points 
of grcateft Inch' nation / and/, // being the pro* 
jefted Meafure of their Inch'nation, or of the An- 
gles Id for lefj they muft be at dande; and 
where the Inclind Circle interfe&s the Primitive, 
there its Reprefentative muft interfeft it alfo * 
Therefore a Right Line drawn from the Centre of 
the Reprefentative to either Point of Interfeaion, 
as / e, muft be its Radius, or equal to / / or i b. 

CoroH. Hence we arc taught what Inclind Great 
Circle is reprefenced by any one drawn upon the 
Plane of the Projedion : For having its Centre, 
or finding it if you have it not, and opening your 
SeElor to tht Radius of the Projedion, the Diftance 
of that Centre from that of the Pro/edion taken 
^twixt your Compafles will give you upon the 
Line of Tangents the Inclination of the Circle 
reprefented to the Plane of the ProjeSion. Or the 
Radius of theprojeded Circle is the Secant of that 
Inclination, &e, 

r. 
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PROP. IV. 

If a Lejfer Circle^ whether Parallel, or Inclin'd, to 
the Plane of the ProjeliiOfij is to be projeEied 
upon the Plane of a Great Circle j It is done 
by laying of from the Centre of the ProjeHion^ in. 
the Line of Meafures^ the Tai^ent of Half the 
Diflance of each Extremity of its Diameter from 
the Pole of the ProjeBion^ oppopte to that in 
which the Eye isplacd\ and the Di fiance ofthefe 
Two ProjeSted Extremities biffeSiedj luiB be the 
Centre of the Reprefentative of that Circle. 

Demokstratio :n. 

LETicbe projeaed, its Reprefentative is ^'^' ^?- 
Ik, the Eye being at the Pole f of the Plane 
ot the Projeftion /«^, continued each Way a$ 
far as rcquirM; of which j it is? the Tangent of 
Half the Diftance aid from the Pole b ; and a t 
of Half the Diftance of the Point c from the fame, 
by 20. III. Eticlidy both in the Inclind Circle c di 
and in the Parallel d c. And each Ik bilTeded, 
gives the Centre of the Reprefentative of the Cir- 
cle to be proje£ted. 

Q,ED. 

Corollary i. Hence, having a Reprefentative 
upon the Plane of the Projedion, we may eafily 
difcoverwbat Parallel or /iic//«V Letfer Circle it 
reprefents: For if it is Parallel, (in which cafe its 
Centre coincides with that of the Projeftion) and 
its Radius is Greater than that of the Profedion, 
then th& Circle it reprefents is 'twixtthe Eye and 
the Plane, and its Radius is equal to the Tangent 
of Half its .Diftance from the Pole of the Pro- 
jedion oppofite to that in which the Eye is.plac'd, 

E 3 to 
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to tht Radius of the Projeftion: If its Radius is 
lefs than that of the Projeftibn^ then the Circle 
it reprefents is 'twixt the Plane and the oppofite 
Pole ; and its Radius is equal alfo to the Tangent 
of Half its Diftance from that Pole : Which 
being had, its Diftance from the Plane of the Pro- 
jeftion may be had alfo. If the Reprefentative has 
its Centre different from that of the Projedion, the 
Circle it reprefents is Inclind to the Plane ; as c i 
is,'twixtthe Plane and the Pole ^, having m for 
its Centre: And the DiflFercnce betwixt half its 
neareft and greateft.Diftance from the Centre of 
the Projeftion or Pole oppofite to that in which 
the Eye is placed, gives us its Inclination to the 
Plane of the Projeftion ,• which being had, we 
have the Great Circle to which it is Parallel being 
equally inclined to the fame Plane j andif we pro- 
jed that Circle, and take it :for a New Plane^ the 
Radius of the Inclin'd LefTer Circle is Equal to 
the Tangent of Half its Diftance from the Pole of 
the New Plane, oppofite to that in which the Eye 
is plac'd, or the Centre of the New Projedion w, . 
to the Radius of that New Projedion- Thefc 
Things are fo plain, that they need no particular 
lUuftration. ^ >. j . 

Coroll. 2: Hence we fee, that whereas in Ortho- 
graphic Projedions, each Parallel Reprefentative 
reprefents Two Parallels to the Plane of the Pro- 
jedion in the SpherCy which are equidtftant from 
the Plane. on each Side of it,- in Stereographies^ 
every Parallel in the Sphere has its particular Re- 
prefentative : Thofe 'twixtthe Eye aodthePiane 
being pro'Jeded much larger than Equidiftant Paral- 
lels 'twixt the Plane and its Pole, oppofite to that in 
which the Eye is plac'd j tiie former falling af^ays 
in the Plane concinu'd beyond th6 Radiusloiiiic 
Primitive Circle, and thehcter, within the iPlane 

of 
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of the iProjedion. And whereas. each EHipJiij Re- 
prefentative of a Lefller Circle Inchnd to the Plane 
of the Projeftion, reprefents a Parallel Leffer Circle 
Equidiftant on the contrary Side from the Plane of 
the Great Circle' to which the Firft is Parallel, in 
Orthographic Prdjedions; as every one rauft feC, 
who underftands Prop. UK SeB. I. Cap, I. In 
Stereographies^ every I^clind Lefl'er Circle has its 
peculiaif- Reprefentative, for the fame reafon that 
every Parallel Leffer Circle has. . Which is one of 
the great Advantages of Stereographic above Or- 
thographic Projedions, with refpeft to their Re- 
prefehtatives of the Circles of the Sphere upon 
the Plane of the Projedion. Another of great 
Moment being this, that Inclind Circles are pro- 
jefted into Circles in the former; whereas in the 
latter, they are projeSed in Ellipfes ; which are 
not drawn, without great difficulty, fo exaftly 
as to folve any Probkms of the Sphere with any 
tolerable Accuracy. 

ScholrurH I. Whereat fometimes we have occa- 
fioh to take a ProjeCied Circle for a Primitive \ 
and to prpjeft other Great Circles upon that, un- 
der different Elevations ; interfering it and each 
other in Two affigti'd Points or Poles, for In- 
ftance, in the Line of Meafures.of xhe Primitive 
Circle; this may ^afily be done by the Third 
Propofition of this SeSJion, without calling in any 
New Principles. For in the Scheme annexed, after Z'/;^. 20; 
we have projeded the Circle ^i^ A ^, elevated 
40* above the Primitive c d en; if we be required 
to projeft any Number of Great Circles upon the 
Plane of this projefted Circled, paiffing thro' the 
Points hzndl{ it is but completing this Circle 
tdghe; and then (by the Third ^Prcpo/ition oi 
this SeSiion) the Tangent of the Inclination of the 
Circle to be projefted, (for Inftance, 40*; to the 
E 4 Plane 
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Plane of the ProjeBed Primitive^ laid off in tho 
New Line of Meafures^ i^p, to the New Radius 
jh^orfby from/to/, gives / the Centre of the 
Circle to be projefted j and the Tangent of 25 
Degrees, •w/x,. of Half the Diftance of the Cir- 
cle to be proje^cd from the Pole of the Proje- 
^ed primitive oppofnc to that in which the Eye 
is placM, gives/it ; which with/i* gives the Radius 
of the Circle to be projefied, interfeding the Pror \ 
jeSied Primitive at / and t ; and when compleated» 
making the Circle Ikbntn^ After the fame man- 
ner may infinite Centers be found in the Line of 
Meafures^/A cpntiWd both Ways from the 
Centre/, tor Circles cutting each other in the 
Points h and / ; under whatever Degrees of Incli- I 
natiop, an4 the Radii completeclj apd themfe|ves ; 
dra^n. 

Scjjol 1. By the Txpo following Theorems alfo, 
the Rules for the Projeftion of all Great or Lefler 
Circles, which any- way interfeft the Plane of the 
Frojediop, may be demonftrated ; as any One 
inayfee, who will apply 'em to the Operation in 
the preceding Scholium; or to what Examples 
fliall hereafter follow. But a$ they only dcmon- 
ilrate the Thing when done, \vithout leading us 
into the Difcovery of the Rules for Operation 
(I priori 2itth& fame ti^pe,- I chofe rather to dc- 
jducp the Requifites for Stereograpbic ProjeSfio^s 
frp}!^ the fptfr foregoing Prppojitions. 

"flFj^EO^B M J. 

In Sterepgrapliic FrojeBiom, th^ AngUs made hj 
fke Circles on the Surface of the Sphere, are Equal 
to thoje made by thfir Reprefentatives mtf^ePlofk 
j^^. 21. pf the PfOJeBion, 

P E M O Jf ? 

Digitized by VjOOQIC 



^roje£iion of the Sphere. 57 

Demonstration. 

SUppoft the Eye at a projefting the Angle I em 
upon the Plane reprefented hykfm at Right 
Angles to the Plane oi ck ami Draw e h and 
e i Tangents to the Two Circles by which the 
Angl^ is formed, from the Point of Interfcftion t : 
The Planes oikfm and hei are both perpen- 
dicular to that; of the Circle ck ambyiYit Con- 
ftruftion; therefore their commpn Interfcftion 
h i is piprpcndicular to the Right Line kfm 
continued. And the Eye at a projcSing the Tan* 
gents e b and e i in fh and // ; draw de parallel 
to k my aqd join the Points a and d. The Angle 
h e ais equal toa de^by ^2. III. Euclid; which 
is equal to aedj the Triangle ^ ^ ibeing, by the 
Conltruftion an Ifofceks; znd ae d := h fe^ by 
27. I. J5;«c//i, which is therefore equal to A ef; 
and e hz=:fh by 6. I. Euclid. Therefore in the 
Triangles b e i and b f i, h e and h /being equal, 
hiy common to both^and the Angles at b Rights 
they are equal in all risfpei^Si and bf i z=i hei 
by 4. 1. Euclid. 

Q.E.D. 

Theorem II. 

If Two Circles cut eacb other upon the Plane ofth^ 
ProjeBiony the Angle form'k by them at their 
InterfeElion is equal to that formed by Radii 
dravm from their Centres to the Point of Inter- Fig. i^, 
fiStiofi. ^ 

Demonstration. 

DRaw Lines from the Centres /i and d to the 
Point of Interfeft ion ^ .-and Tangents to 
^ach Circle at the fame Point: Bccaufe the 
lEvanefcent Parts of the Tangents ^ c and ^/ 
Jicxt the Point of Interfeaipn gy coincide with 

the 
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the infinitely fmall Portions of the Circles at the 
fame Point, they will have the fanae Diredion ; 
and confequently, the Angle c^/ is equal to the 
Angle hg e : But dgfand age are Right Angles; 
and confequently, the coittmon Angle dgc taken 
from both, makes dga =:c gf = ^^ f. 

Corollary. Hence, we have a Demonftration of 
the Method of Projefting Inclind Great Circles 
difcovcred in the Third preceding Prof ofition^ and 
of that of Projcfting others upon a projefted Plane 
cutting each other in a given Pointy deduc'd in 
the Firfi Scholium to the Fourth Propofitiori, For 
as iu Stereographic Projcftions, the Angles made 
by the Circles on the Surface of the Sphere^ are 
equal to thofe made by their Reprdfentatives upon 
the Baae of the Projeaion } *tis plain, th^t if we 
projeftone Great Circle fo upon the Plane of 
another, as that thefe Angles ihall be equal, we 
iPtg. 20. projeft it aright : .If we have therefore the /»c//VJ 
Circle i^/^.to projedupbn the Plan^ oicdfe^ 
Inclined to that Plane 40% we muft make the 
Angle- ^ ^« 40^: Which is done by laying off 
the Tangent of 40** from a to/, to the Radius a c 
ova Cy and drawing the Circle bglh; ior b e n 
z=zA€ ['=' 4^"^ by Theor. II. kv^xikh ml In* 
cUnd^Xi^ 40** X.0 h gl hj is to be projeded upon 
it, interfering it in the Points iand /, the Tan- 
gent of 40** to the Radius fly laid off from/to /, 
gives its Centre and the Circle itfelfi^w/ In- 
clind 40* to bgl h; for k Ig =flj, = 40% by 
the fame Theorem^ Sec. 
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SECT. III. 

of the Menfuration of Circles projeBed Stereogra- Sea. HI. 
phically, whether Great or Small. 

PROP. I. Problem. 

If a Circle is proje^edinto^:. a Right Line, which a 
Great Circle can enijf be in Stereographic Pro- 
je£iionSy to cm that Mine into Parts Reprefenta- 
tiv0ofany afjign^d Divijim of that Cinle* 

SoL-UfTXON. 

LE T the Right Line iacb g injSnitely Ftg. 23- 
continued on each Side from the Point: 
c be the Reprefentative of the Circle 
a dh e; 2Lnd let it be required to divide 
the Line f;^r^^as the Circles i^MS.di'^ided, in . 
the Points /, /i h and k / 'Tis plain that a Ruler laid 
upon the^l^oints e and / will cut off c m reprefenciog 
the Arch dl; one from^^to/ will cut pff c^ repre- 
fenting the Arch dbf &c, ;Or the Tangent of half 
the Arch ^/ to the Radius of the Proje^dion laid off 
from the Point c, will give c m Reprefentative oid /, 
andthatof half the Arch// ^/ from the fame Point 
will give r^ Reprefentative oidbf &c. JForcw 
is the Tangent of ce m:=:^ V ^ f /, and c g oiceg 
=Td/cf, to the Radius c e^ by 50. III.. Euclid. 

CofoUary, If a, Right Line Reprefentative of a 
Great Civtl^pfirpendiefilar- to the Plane of the Pro- 
jeftion is. cut into any Nymber of Parts, we may 
know what Arches of that Circle are reprefenred 
by any of thofe Parts by theConverfe of this 
PnhUm: Thus opening your 5tf^Z(?r to the Radius 

ce. 
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c e, cm is the Tangent of half the Arch which 
it reprcfents, viz.. dl: And c i the Tangent of 
half the Arch which it reprefents, viz,, d a /;. 

LEMMA 1. 

If an InclinM Great Circle is to beprojeSledupon the 
PUine of another Great Circle^ the Pole of the Cir^ 
cle to be projeSied, which faSs within the Primitive^ 
is iijiant front the Centre of the Plane of the Pro- 
jeSiiony by the 'fanffnt of half the Inclination of 
the Circle to be ProjeBed to the Plane of the Pro- 
jeSiion : And that which falls without the Pri- 
mitive is diftanf from the fame Centre by the 
Tangent of the Complement of half that Inclina- 
tion ra 90 Degrees. 

Demonstration. 

r«. M* -J N the Scheme annexM let a c reprefent the Plane 
X oftheProjeftion, f/ the Circle to be projedcd, 
i/the Pole of the Primitive in which the Eye is 
plac'd, b Its oppofite Pole ; g and h the two Poles 
of the Circle to be projeaed; ^ A being at Right 
Angles to/tf. Therefore, 

i.Ftrfl, m reprefents thePole^; but mdk=^\ 
gkb, by 20. III. £«cW; and ^ i*«efc c, as 
each of 'cm added to * * ^, makes a Right Angle ; 
therefore mdk^i: eke, the Inclination of the 
Circle ef to the Plane of ^ c : But w t is the Tan* 
gent of mdk to the Radius of tht Sphere; there- 
fore (k being the Reprefentative of the Pole b) 
m k, the Diftance of the two projefted Poles m 
and ky is the Tangent of half the Inclination of 
• Ae Circle to be projedcd to the Plane of the Pro- 
jcftion. 

2. SecoHdfyi 
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!• Secondly, n reprefents the Pole h which falls 
out of the Projeaion ; and in the Triangle dg h 
the Angle ^ dh is right; by 31. III. Euclid ;Md 
the Triangles md n and m kd having the Angles 
m dn znd m i& ^ Right, and the Angle at T^coni' 
mon, the An^tsmdk and kn d muft be Equal ; 
therefore dkn being Right, it ^ » is Equal to 
km dy the Complement o( k dm (=:: 1 ^1^0, 
to 90 Degrees : But knis the Tangent of £ ^^n to 
the Radius of the Sphere ; therefore k », the Di- 
flanceofthetwo projeded Poles it and n, is Equal 
to the Tangent of the Complement of half the 
Inclination of e /to the Plane of the ProjeAion. 

jQ. £. D. 

CoroBary. The Tolcs of every Lefler Circle, as 
a /, are the fame with thofe of the Great Circle to 
which it is parallel, vix. o(e f; i. e. ^and h: 
Knowing therefore the Inclination of a Lcffer Cir- 
cle to the Plane of the Projeftion, we know the 
Inclination of its Parallel Great Circle, two Paral- 
lel Planes being equally InchVd to a third Plane, 
and confequently may determine its Poles by the 
precedent Lemma. 

LEMMA II. 

If a Plane be drawn thro* the two remotefi Poles of 
two Equal Circles of the Sphere, it will form a 
Circle inthlf Surface of the Sphere, which moving 
tifon a Line conneSiing thofe two Poles as an Axis 
will cut off equal Portions , ietwixt itfelfand a great 
CSrcleto which thofe Circles are perpendicular ^ from 
the Peripherys of thofe Circles. 

Demonstration. 

IN the Scheme annexed, the Two remoteft Poles *'^- ^ -• 
of the Circles afd and ^/^ are b and hi and 
the Circle hi kb paffing through thofe Poles cuts 

off 
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oflf equal Arches of thofe Circles 'cwixt itfelfaod 
bahd to which they are fiippofed Parallels, 
alzmgky and confequently I fzzzkfm. For, by 
the Nature of the Sphere, the Arch b kl which 
reaches from the Pole to the Circumference of 
the Circle afd is equal to the Arch h Ik from the 
Pole to the Circumference of an Equal Citcltgfe i 
therefore their Subtenfes b I and h k are Equal : 
And k I being commpa to Two Equal Arches b I 
and h ky b k and h I are equal, and confequently 
bhk^=:hbl; by 2 7. III. Euclid. Farther, In the 
Triangless h c m and ben the Angles at c are right 
by the Nature of ih^ Sphere ; and cbh =1 c h b by 
Ifofceles Triangles, and c hzm c b; therefore they 
are Equal in all refpeds, and bn=^ hm, and c n 
to cnt; by 26. I.Euclid.' Therefore in the Tri- 
angles/ »^ SLQdkmh^ the Sides /^ and k b^ bn 
and h m being Equal, and / b » =: khm; they are 
Equal in all refpeas,-.and /» = kni; by 4. L En- 
did. And in the Triangles cmk and c n /, the 
Sides c m and en, m i^ and n I being prov'd Equal ; 
and ck'=^cl as R/^dii of the fame, or Equal Cir- 
cles; they are Equal in all refpefis; by 8. I, Eur 
did; and confequently kcg= I c a^zndgk:=::alj 
and their Complements to a Quadrant kf=: If. 

Q,E.D. 

Pi 2^ ^cAoZ/z/w. Tho the precedent Schenie relates on- 
^^' ** ly to great Circles, yet the Demonftrationis Uoi- 
verfal, and holds in all equal Circles, whith are 
confequently equally diftant from their refpeftive 
Poles. For (in Pig. 26.) let the Leffcr Circles 
^ it rand gle he Equal, and let the Circle A //t* 
pafs thro' their remoteft Poles b and h : The Arches 
b k and h I muft be Equal; viz,* the Difianceof 
, the, two Circles from their refpeflive neareft EqIcs, 
and k I being added on both fides, bl mufl: be 
Equal to h.k'jznd confequently thp Cbordi/to 
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the Chord h k. Farther, In the Triangle b ch the 
Angles at ^ and h are equal by Ifofceles Triangles ; 
and in the Triangles ^o wand h p n^ the Angles at 
and p are right by the Nature of the Sphere; 
therefore the Triangles are Equi- angular ; and o b 
being Equal to hp as Verfed Sines of equal Arches 
q b and g hy to the common Radius of the Sphere^ 
therefore b m is Equal to b », ^nd o miop m 
And mn being added on both iides, b nis Equal 
10 hm; and 4 ^ being equal to h l^k h b =: lb h ; 
by 27. IIJ. Euclid. Therefore in the Triangles 
khm and / ^ » the fide« k h and Ibj nt h and n b^ 
with the included Angles Ibn and khm being 
Equal, they are Equal in all refpeSs ; and k m = 
In; by 4. !• Euclid* Therefore in the Triangie$ 
kmo zndlnfy km being Equal to / », ^nd mo 
to np; 2iT\dkp and// being Radii of Equal Cir- 
cles and Confeouently Equal, the Triangles arc 
Equal in all rclpects; by 8. I. Euclid; and ko q 
=llp gi kq to Ig. 

Q.E.D. 

ConUary i. From this Lemma we learn how to 

divide a Circle in the ProjeSion, Reprefentative 

of another Circle in the Sphere^ as that Circle in 

the Sphere is divided.. For (in Fig 25.) let the 

Reprefentative qp be divided as the Circle it 

reprefents ^/^ is divide(^ in k; b being the Place 

of the Eye projefting gf einto qpo* 'Tis plain 

that the Pointy is reprefented by ^r, and khy p ; 

therefore q p reprefents g k : And to find out the 

Point f by the help of a Circle in the Plane of the 

Projeftton, a Line drawn from », the projeSed 

Pole of the Circle gfe which falls within the Plane 

of the Projeaiou, thro* /, making ^ / in the Pri* 

mitive Circle Equal to ^ ^ in the Circle to be pro- 

jefted will fall' upon p^ and confequcntly cut the 

Reprefentative a^ it is Required. For b k and n I 

being 
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being Inclind to each other, if continued (zi 
enough, they will meet, being in the Plane of the 
Circle bkhy fomewherein that Plane continu'dj 
but / » is alfo in the Plane of the Circle qfo^ 
therefore they muft meet in the Intcrfeaion of 
thofe two Planes : But b k interfefts the Plane afc 
ztp; therefore » / muft meet it at p. Therefore 
a Line drawn firom the projefted Pole of a Great 
or Lefler Circle which falls within the Plane of 
the Projc&ion thro' an affign'd Divifion of ano- 
ther Circle (viz,, either of that upon which the 
Projeftion is made, if the Circle to be projeded is 
a Great Circle ; or of a Leflfer Circle parallel to 
it, if the Circle to be projeded is a LefTer Circle 
equally diftaut from its Poles as the Circle to be 
projefted is, by the precedent Scholium) anfwcr- 
ing to a Divifion of the Circle to be projefted, 
will cut the Reprefentative as the Circle it repre- 
fents is fuppofed to be cut. 

CoroB/ 2. Hence it is alfo eafy to difcover to 
what Arch of aCirclean Arch of its Reprefenta- 
tive in the Plane of the ;Proicaion is equivalent : 
For a Line drawn from j) to » cixtsoS a lz=zkg^ 
which q f reprefcnts. 

LEMMA IIL 

If a Plane be draxim thro^ the Two nearefi Poles of 
Two Equal Circles of the Sphere, nuping on the 
Line conneSling thofe Two Poles as an Axis ; it 
will cut off Equal Portions of the Circumferences 
of thofe Circles^ on the contrary fide* 

Demonstration. 

Fk^i. y 1^ jjjg Scheme annexed, let i c connefting the 
X Two neareft Poles b and c of the Circles dke 

and 
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zxidihkny be continued 'cill it interfeds ae and 
a h continued in the Points /and g ; and let the 
Planes of the two Circles hkn anddke be at 
Right Angles to the Plane of the Circle bdne: la 
the Triangle bactht Angles at b and c are Equal 
bylfofceles Triangles j and a be ^=sbg a + b ag; 
and ii c A = c/ a+ c af; therefore b ga-l- bag 
-rzcfa 4. caf\ but c af ^=z b ag^ becaufe each 
of 'em added to b a c makes a Right Angle ; there- 
fore bgaz=2c fa^ and a g^^af. Let us conceive 
the Plane; n/ moving upon the Axis b c continued 
to pafs from atop; it will become; ]>/; cutting 
the Circles affign'd in i and 0, 1 and m if con- 
tinued as far as requifite ; and will make kkrzk m^ 
Id^ mn^ i b =: oe, and ik to ko. 

For in the two Triangles gap and / ap^ the 
Circles in the Planes of which they are found be- 
ing at Right Angles t« b dne^ the Angles gap 
^nd fap are Equal being Right; and ga and fa^ 
being prov'd Equal, and a p being common to both 
Triangles, they are Equal in all relpefts, by 4.' 
I Euclid ; znd gp a^=^fpa: Therefore in the 
Triangles a p m and a pi, apm^apl; being 
the Complements of two Equal^ngles to i8d 
Degrees; and /i^ is common to both, and /i/ = 
/I w, as Radii of Equal Circles ; therefore (by 7* 
Vl.Euclid)p a Izizpa w, and i/ = jfe wi; and their 
Complements to 90 Degrees Id '= mn. And in 
the Triangles i a p and oap the Angles ip a and 
9pa being already prov*d Equal^ andap being 
common to both } and ai=i ao^SLs Radii of Equal 
Circles; iak=soalk; ikssno ^ >* and their Com* 
plements to a Quadrant ih= oe. 

Q. E. D. * 

Scholium. This holds alA> of Equal LelTer Cir- 
cles as well as great; and this Demonftration 
proves it if we fuppofe a tb4)e out of the Centre 
F of 
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of the Spfiere ; for then will the Circles h kn and 
dke which pafs thro' the Point ^ be Lefler Cir- 
cleS) equally diftant from their Poles c and h. 
And the Demonftration will proceed as before; 
if we fuppofe tdne an Equal LeiTer Circle of 
the Sphere to which they are perpendicular. 

Corollary i. From, this Lentma we are furniih'd 
with another way of dividing a Circle in the 
Proje^ion Reprefentative of another Circle in the 
Sphere ^$ that Circle in the Sphere is divided. 
For if kr q^ which i$ evidently the Reprefenta- 
tive o(kmti^ to th« Eye at b projeding h kn up- 
on the Plane dke^ is to be divided 2iS km n is di- 
vided inm; a Line dr^wn from / the PrejeBi- 
on of the Pole of the Inclind Circle neareft to 
the Eye at by to / in the Plane of the Proje^on 
making I d^^nt n^ will cut off r 9 Reprefenta- 
tive oimh^=idl. For b m and b n being drawn, 
'ti« plain that r q rrprefents thux If therefore // 
niufl: necetfarilly cut ^i» in r, then it muft cut off 
the Reprefentacion oimn: But b m said f I being 
m the fame Plane of gpf, and Inclined to each 
other^ they muft meet if continued ; and // be- 
ing in the Plane ofdk e at. the fame time ; they 
muft meet in a Point where the Two Planes in* 
terfeft each other ; hut bm cuts the Plane oi dke 
DO where but in the Point r ; therefore // muft 
ilieet it in the Point r: And //muft cut oS r q 
Reprefeiitatative o(mn:=idi. 

CoyqU. 2. Hence it is alfo eafy to difcover to 
what Arch of a Circle ao:Ajch of its Reprefen- 
tativQ in the Plane of the ProjeSion is Equiva- 
lent : For a Line drawn from / to r, and conti- 
nued to /> cits oSde:sAmHVfhichi$ reprefeated 
by rq^ 

PROP. 
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PROP. II. Problem. 

If a Circle is frojeShd into a Circle^ to cm the 
projeEied Circle^ whether Gi^eat or StnaB, into 
Parts Reprefentative of any afjigtfd Divijions of 
the Primitive. 

Solution. 

IF the Circle to be projeded is ParM to the 
Plane of the Projedioo, its Poles will coincide 
with thofe of the Circle upon which the Pro* 
]t&,icm is madey in the Centre of the Projedion: 
And if the Circle upon whofe Plane the Projec* 
tion is made is divided as the Circle to be pro^ 
je&ed^ a Ruler laid from the Centre to thofe Divi- 
fionsj and continued if requir'd^ will cut the 
Reprefentative into Parts anfwering to the Divi- 
fions in the Circle it reprefents : As is Evident to 
every one, without any Neceffity a formal De* 
monftration. If the Circle to be projeded is In^ 
c/m'ito the Plane of the Projcftion^ then its Poles 
being found out by Lemma I. the Two hVL n m ^ £are^oxi ^ 
kg Lemmas and their Corollaries furniih us with "" 

Two Ways of dividing its Reprefentative as the 
Circle itfelf is divided. And Perpendicular Lef* 
fer Circles are divided after the fame manner : 



By Schol. Lemma II. 



Q, E. F 
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SECT. IV. 

Sea. IV. Examples to the foregoing Rules^ in the Stereo- 
graphic Projeiiion of the Sphere, upon feveral 
of its Great Circles. 

Example I. 

l^je Stereographic ProjeSiion of the Sphere upon 
the Plane of the Horizon,, to the Latitude of 5 1*. 
32' oo"" North. 

Pi^. 28. T N the Scheme annexed, let fatq reprefent the 
X Horixony upon the Plane of.which the Sphere 
is to be projefted: Conceive the Eye at a 
the Centre of the Circle, which reprefents the 
Two Poles of the Horixon^- the Zenith and the 
Nadir; and the Eye is fupppfed in the Nadirs 
projefiingthe Circles of the Sphere uponjthe^<^« 
riz/>ntal Plane. 

Draw the two Diameters sat and aaq cutting 
each other at Right Angles in thct Centre of the 
Projefiion; they will reprefcnj.x^t the Meri- 
dian of the Place, ot" (which coincides with it) 
the North and South Az^mt^h; aaq the Prime 
Vertical, oxEaft and fVefi jizJmutb ; as thofe 
Circles pafs thro' the Poles of the Projeftion, are 
perpendicular to its Plane and cut each other at 
Right Angles; by Prop^ I. SeSi. I. and IF. And 
as all the other Azimuth Circles cut each other 
in the fame Poles, they will alfo be reprefented 
by RighcLines paffing thro' the Centre of the Pro- 
fp&iqn. Tp reprefent therefore any other Az,imuth 
'Circle iti this Projedion, We *muft fet off from our 
SeBor open to the Radius of the Primitive Circle, 
or that on which the Projedionis made^ the Chord 

of 
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of its Amplitude from any two of the oppofite Car- 
dinal Points 'y and a Right Line drawn thro' thofc 
Two Points found, and the Centre of the Pro- 
jeftion, will reprefent the Az^imuth Circle required. 
This is fo plain, that it needs no Example for 
IlJuftration. 

AH other Circles of the Spherey whether Great 
or Small, appear Circles alfo in the Plane of the 
Projeaion ; by Prop. II. SeEl. I. For the Pro- 
jedion therefore of them, and firft. Of Great 
Circles, beginning with the Equator : In the Lati- 
tude of 51* 32' 00" the Equator is Individ 
38*» 28' 00''' to the Hortz,ontal Plane; the Tan- 
gent therefore of that Inclination Tet off from a 
to/, gives the Centre of tht Equator f ; and the 
Tangent of half its Diftance from the Pole op- 
pofite to that in which the Eye is plac'd, or the 
Centre of the Projeftion where both the Poles of 
the Horiz,on coincide, viz. 25** 46' 00", fet oft' from 
a to e^ gives /^ the Radius of the Equator; and 
confequently a e qzs much of that Circle as ap- 
pears within the Plane of the Projedion : All by 
Prop. III. SeSi. II. 

The North Pole of the World is diftant from the 
Pole o( the Horizon oppofite to that in which the 
Eye is placM, or the Centre of the ProjeSion, 
38« 28' 00"; therefore by SeB. III. Lemma I. 
the Tangent of ip* 14' 00", to the ii^^/«j of the 
Projedion laid off in the Line of Meafurcs from 
a to c, gives a c the reprefentative of the Diftance 
of the Zenith from the North Pole of the World, 
and c the, Place where that Pole is view*d. Or if 
the Chord of jS"* 28' 00" is laid offfrom^tox, 
a Line drawn from ^ to x will cut a q in c the 
Pole of the World : For a c is the Tangent of c a a 
=^x aq'==^i9^ 14' 00" ; by 20 III. Euclid. 

The Hour-Circle of Six Morning and Evening 
cutting that of Twelve reprefented by t ^i x at 

F 3 Right 
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Ri^ht AngleS) and confequeocly paffing thro' the 
Points tf and J at a Quadrantal Diftance from 
s and t \ and alfo (as all the other Hour-Circles) 
thro' the Pole of the World, is Inclined to the 
Plane of the Projedion^ according to the Latitude 
of the Place; viz.. Si"" 32' 00" ; the Tangent of 
v^hich fet off in the Line of Meafures from ^ to ^ 
gives the Centre of that Circle; \ivhich is confe- 
quently reprefented by acqd. Or, having the 
Points ^Tt r, q, the Centre t may be found i by 
5. IV- Euclid : As may alfo that of the Equator j 
having the Points iT, e, and jr. 

All the other Hour-Circles, (I mean, thofe of 
the Aftronomical Hours ,• for of thofe which take 
their Rife from the Horizout I fliall fpeak in ano- 
ther Place) cut that o(Six in the Point c, or the 
Poleof the Globe in Angles of ij, 30,45, 60, f^c- 
Degrees. Let therefore the Hour-Circle of Six 
be compleatedt and draw the Diameters c d and 
/ 7» at Right Angles to each other. 

The Hour-Circle at Five in the Morning and 
Evening is Inclind to the Plane of the Six-a-Clock 
Hour-Circle ly Degrees. The Tangent therefore 
of that Inclination^ to the New Radius bcorbmy 
laid off in the New Line of Meafures from b 
ICO 15, gives I J the Centre of that Circle, 15 c 
its Radius ; and confequently nc as, much of that 
Circle as appears within the Projedion. All this 
hy Prop. III. andSchoL i. Prop IV. SeSi. U. 

The Hour-Circle of Seven in the Morning and 
Evening is Inclind to the Plane of the Six-a- Clock 
Hour-Circle 1 5 Degrees the contrary Way ,• the 
Tangent therefore of thofe Degrees, to the fame 
Radius, fet off from ^ to 1 5 on the contrary Side, 
gives 1 5 the Centre of that Circle, 1 5 c its Radius, 
(as this and all other Hour-Circles pafs thro' 
the Poles of the World ) and » c ^ tbp Circle 
itfelfi 

After 
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After the fame manner the reft of the Mour- 
Circles are laid off, according to their Inclination 
to the Plane of the Six-a-Clock Hov-Circle ; their 
Centres being all found in the Line of Meafures 
Ibm continu'd as far as required on each 5ide : 
I need not produce more Inftances } the Matter 
being fo plain to thofe vnho underftand the Pro* 
fofition and Scholium now refer'd to, which they 
are grounded upon. 

All Lcffer Circles Parallel to the Plane of the 
ProjeSion, (viz,, in Horiz^ontal Projeftions the 
Circles of Altitude) are projefted by aflhming the 
Tangent of Half their Diftance from the Pole of 
the Projeaion oppofite to that in which the Eye 
is placed, to the Radius of the ProjeSion, for their 
Radii ; and that Pole, or the Centre of the Pro- 
jedion^ for their Centre ; and drawing the Circles 
themfclvcs. For all Lefler Circles have the fame 
Poles with the Greater to which they are Parallel; 
by CoroB. Lemma I. SeEl. IIL And in the Cafe be- 
fore us, the Poles of the fforiz^on coincide with 
the Centre of the Projeftion -, therefore fo do the 
Poles of all its Parallels : And their Radii are Equal 
to the Tangents of Half their Diftances from the 
Pole of the Profeftion oppofite to that in which 
the Eye is placed, to the Radius of the Projedion; 
hy Prdp. IV. SeB. U. 

All Lefler Circles Inclined to the Plane of the 
Projefiion, are projeftcd by fetting off from the 
Centre of the Primitive Circle, in the Line of 
Meafures, the Tangents of Half their neareft and 
greateft Diftances from the Pole oppofite to that 
in which the Eye is placed i whi^h biifeded, will 
give the Centres of the Circles to be projeSed, 
and their Radii, hy Prop. IV. &fl, II. 

If therefore the Tropic of Cancer is to be project- 
ed; itsleaft Diftance from the Zenith, or Pole of the 
Horizon oppofite to that in whidi the Eye is 
F 4 plac'd. 
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plac'd, is a 8* 03' 00" ; (the Equator being 
51** 3i' oo^diftanc from the Zenith in tht Lati- 
tude of London^ and the Trop/c of Cancer 23° 29' 00" 
lefs diftant than the Equator) Half therefore of 
that neareft Diftaace is 14** 01' 30". Its greatcft 
Diftance is 104° 59' 00" (confifting of the Di- 
ftance of the Zenith from the North Pole jS'' 
a8' op", and the Pole from the Tropic of Cancer^ 
66^ 31' 00") Half that Diftance 52^ 29' 30". 
The Tangent therefore of 14** 01' 30" to the 
Radius of tht Projefiion, fet off from a to ^, and 
that of 52* 29' 30" from rt to it give ^4 a pro- 
jefted Diameter of the Tjyic of Cancer, x, its 
Centre,- and ® ^, © k the Troflc itfclf. 

After the fame manner we may projcd the 
Iropic of Capricorn, viz.. YP / W,- whofe neareft Di- 
ftance from theZenith is yS^ 01' oo",and its greateft 
1 5 1© 57' 00": And fo likewife any Parallel to 
the Equator 'twixt the Two Tropics or *twixt 
them and cither of the Poles. And if a Circle is 
to be proje£i:ed,whofe neareft and greateft Diftance 
from the Zenith are both on one Side of it^ for 
Inftance, the North Polar-Circle the Tangent 
alfo of Half its neareft and greateft Diftance from 
the Zenith fet off from that Side where the North 
Pole is found, will give its Diameter ; and that 
bifl'efted, its Radius, 

The Parallels to any other Inclind Great Circle, 
are Projeftcd after the fame manner with thofe 
v^hich are Parallel to the Equator. And the 
Parallels to fuch Great Circles as ftand at Right 
Angles to jche Plane of the Projeftioa, may be 
iJrawn by 5^f?» II. Prop> II. None of thofe are 
/ofany great Ufe in Horiz^omal Projeftions; and 
therefore I omit any Inftances; of this kind in this 
Place. 

Now in order to the Mcnfuration of any Pro- 
je^ed GrfJat Qr L^ffer Circle ; Firft, If th^iy are 

pro/efied 
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projefled in Right Linesy we are caught how to 
meafure 'em, by Prop. I. SeEl, III. Thus, fup- 
pofing I am to cut oft 60 Degrees 'twixt a and q^ 
from a a qxht Reprefencative of the Prime Ver- 
tkalj the Tangent of 30 Degrees to the Radius of 
the Projedion, laid off from a to w, gives a w in 
the Circle projected, anfwering to 60 Degrees in 
that which it rcprefents. Or if the Chord of 
6q Degrees is laid off from s toy, z Line drawn 
from t to jfy will determine the Point w ; and con- 
fequently will give us ^ xu the Divifion required ; 
by 20. III. Euciid. 

Secondly^ If they are projefted in Circles^ we 
have Two ways for nifli'd us for the Menfuration 
of them, whether Great or Small, by iht Corottaries 
to the Two latter Lemmas in the preceding SeSiion. 
For, Firfty if the Reprefentative of the Equattnr 
aeq is to be divided according to any affign'd 
Divifionofthe Equator itklf ; Lines drawn from 
the Pole of the Equator which falls within the 
Plane of the Projeftion c, to like Divifions in the 
Horiz^on s atq^ will cutae q as the Equator itfelf 
is cut. Thus if the Reprefentative of 45 Degrees 
in the Equator is to be taken oflf *twixt a and e^ 
the Chord of 4J Degrees being laid off from e 
to « , a Ruler from r to b will cut o& a Si Re- 
prefentative of 45 Degrees in the Equator > by 
CoroU. 1. Lemma II. SeEl. HL 

If a Leffer Circle is to be divided, for Inftance, 
the Projeftion of the Tropic of Cancer by SchoL 
Lemma II. and Coroll, i. It may eafily be done: 
For Projefiing a Leffer Circle Parallel to the 
Plane of the Horiz^otiy equally diftant from^ its 
Poles, as the Tropic oi Cancer is from its ; Lines 
from the Reprefentative of the North Pole of the 
Globe to any affignable Divifions of that Circle, 
will cut the Tropic of Cancer in the Projeftion ac- 
cordingly as you would have it divided. Thus the 
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Tropic oC Cancer is diftant from the North Pole of the 
Globe 66* 3 1' oo"; a Circle therefore muft be pro- 
jeded equally diftant from the Nadir ^ or fartheft 
Pole of the Horizon from theNorth Pole of the Globe; 
which will be iij"* 29' 00" from the Zenith ; the 
Tangent of Half which, viz. 56* 44' 30" fet oft* 
from a to H, gives /i n its Radius^ by &f?. II Prop. 
IV. and the Circle itfelf r H? ja n. If we wouM 
therefore cut offtheReprefentativeof 30 Degrees 
in the Tropic of Cancer^ beginning from g on the 
Side^Tu®; the Chord of 30 Degrees, to the 
Radius a °, in the Circle r W A n, laid off from 
the Point n, reaches to t iupon which^ and the 
Point c, a Ruler being laid, cuts the projeded Tro- 
pics o( Cancer in the Point St; and confequently 
^ « is the Reprefentative of 30 Degrees in the 
Tropic of Cancer, Whoever throughly underftands 
the Second Lemma of the preceding SeSion, with 
its fubfequent Scholium^ and FUrfl Corollary^ muft, 
without much difficulty, fee the Demonftration 
of this ; which therefore ftands in need of no fur- 
ther particular Explication. 

Secondly^ By Lemma III. and its Firft Corollary^ 
we are furnifhed with Rules for Dividing Great 
or Lefs Circles of the Sphere^ by Lines drawn from 
thofe their Poles which fall not within the Pro- 
jedion: But of thefe Methods the Reader muft, 
by this time^ be able to give Inftances himfeif. 

Example IL 

The Stcreographic ProjeStion of the Sphere upon 
the Plane of the Ecliptic. 

^\g. 29* T^ ^^^ Scheme annex'd, let aab\L reprefent the 
X Ecliptic upon the Plane of which the Sphere is 
to be projeded by^he Eye, in its Under Pole, 
reprefented by c. Draw the Lines b c a and acP' 

ac 
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at Right Angles to each other : And let be a 
reprefcnc the Soljiitial, and acl»' the EquinoBial 
Colure i which both paifing through the Poles of the 
Ecliptic^ mult be reprefeated by Right Lines ; by 
Sea. II. Prop.l. As will alfo all the Circles of 
Celeftial Longitude, for the fame reafon } which 
may confequently eafily be drawn^ after the fame 
manner as the Azimuth Circles are in Horizontal 
Projedions. 

The Equator is IndhCd to the Plane of the Pro* 
jedion 23^ 29' 00''; the Tangent therefore of 
that Angle to the Radius of the Projedion fet off 
from c to A) gives b its Centre ; and it is diftant 
from the Pole of the Projedion opposite to that 
in which the Eye is plac'd, 66^ 31' 00''; the 
Tangent therefore of Half that Angle, viz* 
3 J* 15' 30'', fet off from r to p gives h q the 
Radius of the Equator y and coniequently ^ f ft the 
Epator itfclf; by Se£i. IL Prof. III. 

The Poles of th(B Equator and the Ecliptic arc 
diftant 23* 29' 00" ; the Tangent therefore of 
1 1** 44' 30" fet off from c toft gives ^ the Place 
where the North Pole of the World is viewed* by 
Seil* III. Lemmal. 

As the Circles of Celeftial Longitude cut each 
other in the Poles of the £c%iC) and confequently 
in the Centre of this ProjedioBy and are proje&ed 
in Right Lines ; fo the Circles of Terreftrial Lon- 
gitude, or Celeftial Right Afcenfion, cut each 
other in the Poles of the world, and confequently 
are Inclind to the Plane of the Projedion, and 
projeded in Circle; by Se£i I. Tkeor. II. And 
as ^c(Uk reprefents the EquinoEUal Colure from 
whence the Degrees of Celeftial Longitude are 
reckoned in the Ecliptic^ beginning (for Inftance) 
at the Point j*, as the firft Point of r ; fo the De- 
grees of Celeftial Right Afcenfion are reckoned 
from the fame Point in thp ^juator; or by 
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Angles form'dat the Pole of the World mthapit ; 
which is Inclifid to the Plane of the Projeftion 
66" 31' oo'\ The Tangent of which laid off 
from ctom, giyes m p the Radius of that Circle; 
and confcquently a^fs. as much of it as appears 
within the Projcdion. 

AU the other Circles of Ccleftial Right Afccn- 
fion,or Terreftrial Longitude, cut the Circle 
^^Ij^in the Point j) ; which, if it is completed, 
they may be drawn according to their different 
Inelinations to its Plane; as the reft of the Hour- 
Circles zre upon the Plane of c/^w in the Hori- 
Mntal Projeftion. I have drawn but Six of 'em 
here Inclined; Two ly. Two 30, and Two 45 
Degrees to the Plane of afy^, fuppos'd to be 
completed. 

All Leflcr Circles ParaM to the Plane of the Pro- 
jefiion ; viz,, the Circles of Celeftial Latitude^ arc 
projefted as the Circles of Altitude in the Hori- 
. XAintal Projeftion: And confequently may eafily 
be drawn, when there is occafion for*em, in the 
Solution of ^Jlronomical Problems. But no In- 
fiances need be given of them in this Place. 

Leffer Circles Inclifid to the Plane of the Pro- 
jeftion, (for Inftance, thofe Parallel to the Plane 
of the Equator) are projefted, by fetting off from 
the Centre of the ProjeSion, in the Line of Mea- 
fures, Ifca^ the Tangents of Half their neareft and 
greateft Diftances from the Pole of the Projeftion 
oppofite to that in which the Eye is plac'd, which 
coincides with the Centre of the Projeftion ; which 
biflefted, will give the Centre of the Circle to be 

?rojeaed, and its Radius ; by Se5i. II. Prop. IV. 
''hus in the Projeftion of the Tropic of Cancer^ its 
IcaftDiftance from the Upper Pole of the Ecliptic is 
43* 2o'o o" ;, the Tangent of Half which laid off 
from c to s, gives % for one End of its Proje&ed 
Diameter ; its greateft Diftance is po Degres, the 
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Tangent of Half of v^hich is Equal to thtRa^us 
of the Projedion c b; therefore ^ t isthe Pro- 
je&ed Diameter of this Tropic ; which biffeded^ 
gives I its Centre; and S h*^ the Tropic it 
felf. 

After the fame manner are proje&ed all Paral- 
lels to the Equator i and to any other Great 
Circle, however /wc/mV to the {Plane of the Pro- 
jcftion : Only if it cuts the Plane of the Projedioa 
in Points different from ^ and {t^y the Line of 
Meafures will be at Right Angles to a Line 
drawn to the New Points of Interfeftion, as$ ca 
is at Right Angles to ac li^^ upon which New 
Line of Meafures the Diameters of its Parallels 
are to be found. 

If the Earth turns upon itsownAxis^^ or the 
Axis of t\ii^ Equator^, in 24 Hours, then the Vertex 
of every Place upon it defcribes a Circle in that 
Time Parallel to the Equator^ which may not 
impropedy be call'd, The Path of the Vertex oj the 
Place y wi^ch Circle is the fame with the Parallel 
of its Latitude. The Parallel of Latitude there- 
fore of any Place being proje&ed at the Path of its 
Vertex is. projeded at the fame time : And the 
Parallels of Latitude are projeded after the fame 
manner as the Tropic of Cancer. 

Thus if the Parallel of Latitude or.Path of the 
Vertex^ of London is to be projefted; its Lati- 
tude being 51"* ^2' 00" , North '9 its Diftance from 
the Pole of the Globe niuft be 38* 28' 00". 
Therefore its Diftance from the Upper Pole of the 
Ecliptic^ ;4* 59' oo'Y the Diftance of the . 
Two Poles.of the EcUptick and Equator 2 j* 29 '00" 
being deduftcd from 38*^ a8' 00'^ the Tangent of 
Half which, 7* 29' 30'', laid oflf fromcto £, 

fives L oqe of the pro jefted Extremities of the 
)iameterof the Parallel or Path of thef^^;:, 
of London i and its greateft Diftance from the 
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fame Pole is di* 57' 00'' ; the Diflance of thd 
Two Poles, and of itfelf, from the Pole of the 
Worldi being added together; the Tangent of 
Half which 30* 5^' 30'' laid off from c toi, 
gives Lk the Diameter of that Path; by which 
bifleaed, we find L t i v to be the ProjeSted Path 
cfthe Vertex of London. 

The Earl of •Ki^^/tp/VA obferv*d by the Sun's 5o/- 
fthial and other Meridional Altitudes, that the 
Latittrdc 6i Madrid is 40* 10' 00" North. There- 
fore >ts Diftance fro;n the Pole of the Globe is 
49* jo' 00" ; From which taking away 23 " 29' 00 "j 
the Diftance of ther' Poles oi th^ Equator and 
Ecliptic^ its neareft Diftance from the Pole of the 
Ecliptic y or. Centre of the prefent- Projedion, 
is 2(S* 21' oo'^ i^ add adding 33* 29' 00" to 
49* Jo- 00", its grcateft Diftance is 72"* 19' 00". 
The' Tangents of Half which Diftances fet otf| 
the formei' from c to M^ and the latter from 
c to /, give IM the Prt)jcaed Diameter of the 
Path of the Vertex o( Madrid J and A/ J If the Pro- 
jelled Path of its Vertex. 

Perpendicular Leflcr Circles arc of no more Ufe 
in this than in the Precedent Projeftion : And 
all Circles are divided here^ as in the former Cafe. 
Thu^ if we wou'd cat the Projefiled Equator in any 
aflignable manner; a Line drawn from its Pole 
within the Pt-ojcftion to i like Divifion in the Eclif* 
tic does. the thing. And the Tropic o( Cancer is divici- 
cd here, iis in the former Cafe. And after the fame 
manner may any other Parallels of Latitude!, or 
Path's^ 0/ Vertices be di^^ided. As every one 
niiift fee'j without the help of Inftances for lUu- 
fti-atlon.; 

' . EXAMPL* 
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Example III. 

itht^itTtogrz^hicProjeElionofthe Sphere upon the 
Plane of the Equinodial Colure* 

IN this Projeflionthc Eye is fuppofed in the*K«3o* 
90* Degree of Right AlcenHoD from the Firft 
Point oi Libra in the Plane of the Equator ^ and in 
one of the ?olts of the EquinoSlial Colure. There- 
fore the Equator in this Place is reprefented by 
the Right Line T a\s: ; pa v zt Right Angles to 
it reprefentingthe Axis of the World. And the 
Equator being perpendicular to the Plane of the 
Projedion, the Ecliptic is Inclined to it in an An- 
gle of 66* jT 00". The Tangent of which fee 
off from the Centre oftheProjeftionfrom ^to a 
gives a the Centre of the Ecliptic: And the Eclip- 
tic being 23* 29' 00'' diftant from the Pole of the 
Projeftion oppofite to that in which the Eye is 
plac'd, the Tangent of 11*44' 3^" ^^^ off from 
a to n, gives a n its Radius ; and confequently 
r » sa the Ecliptic it fclf. By SeSi. II. Prop. III. 
Parallels to the Ecliptic are Inclind to the Plane o£ 
the Projection ; and confequently are projeded as 
Parallels to the Equator in the Proje&ion upon the 
Plane of the Ecliptic. 

Parallels to the Equator being perpendicular to 
the Plane of the Projedioq are projefled accor- 
ding to the Direaion of Prop. II. Se^l. 11. Thus 
the 'fropic of Capri{;orny having its Poles in the Plane 
of the Projedion, is diftant from the South ^olc 
of the World 66* ^i' 00** ; the Secant therefore of 
that Diftance fet off from ^ to by gives * the Cen- 
tre of that Tropic^ and the Tangent of the fame 
hMf its Radius; and confequently >T w yf is the 
Tropic it felf. And if you are not provided with 
a Line of Secants .^already, 'tiseafy todifcover 
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the Secant you want to the Radius of your Pro- 
jeftion in the Scheme itfelf : For laying off the 
Tangent of 66^ ii' oo'' from ^ to /i, and draw- 
ing the Line ^ ay it is the Secant of that Arch 
and eafily transferable to a L Or the Chord of 
66* 31' 00", to the /J^i/«x of the Projcfiion, be- 
ing laid oflf on both fides the Point », gives Two 
Points -V yp in the Limb of the Pro/cdion thro* 
which this Trofic muft pafs ; and as it cuts the 
Solfiitial Colure^ reprefented here by / ^ » at 23' 
29' 00" Diftance from the Equator, the Tangent 
of half that Diftance laid off from ^ to ;w rcpre- 
fents that Arch, and gives wthe Point of Inter- 
feftion ; by SeEi. IIL Prop. I. thro' which and the 
Two Points yp >y a Circle drawn by 5, IV. Eu- 
clid^ gives us that Tropic. After the fame manner 
are drawn the Tropic of Cancer , viz,* ^ «gB, the 
Parallel of London Lil^ and all other Parallels to 
the Equator. 

The Hour-Circles, or Circles of Terreftrial 
Longitude, or Celeftial Right' Afcenfion, cutting 
each other in the Poles p and ^r, are eafily pro- 
jefied by fetting of the Tangents of their refpe- 
aive Inclinations to the Plane of the Projeftion in 
the Line of Meafures ^ a T continued as far as 
wanted; and the Tangents of half their Diftances 
from the Pole of the ProjeQion oppofite to that 
in which the Eye is plac'd the contrary Way, in 
order to have their Radii, and then the Circles 
themfclves: By SeSl* II. Prop. III. as every one 
muft fee by looking upon the Figure, without 
requiring any particular Explication of the 
Matter. 

If any of the great Circles projeded here into 
Right Lilies are to be dividedithe fameMethod muft 
be takien as is obferv'd in the Divifion of the Prime 
Vertical in the Horizontal ProjeSion. And thofc 
LeiTer Circles which are parallel to the Great ones 
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tvhich are projeflcd into Right Lines, or ferpih- 
dicular to the Plane of the Projc6tion. For In- 
ftance, the Tropics and their Parallels of Tcrrte- 
ftrial Latitude or Celeflial Declination may be di- 
vided after the fame manner with the Trdpic of Cah" 
cer in the /Zi;r/x(>«f^/ Pro jeftion ; Thus if you wouM 
divide the Projefted Tropic of Canter at pleafure^ or 
a Quadrant of it, into THfec Parts Keprefenta- 
tive of 30, do, and 90 Degrees ; its JDiftanee from 
the Northern Pole of the World is 66^ 31' 00''; 
and a Circle equally diftant frohi the Pole of the 
EpinoHial Colure in which the Eye is placM, is 
diftant from the oppofite Pole iij* 29' 00" j the 
Tangent therefore of $6^ 44' 30" fet off from a 
to a will give us the RaJ!ti^ df that Girclci by 
Prop. IV. SeSi. 11. zndQE y Fchc Circle it fclf : 
The Quadrant of which F & having the Chords of 
Q 30, Q 60y laid off to the Radius a 3, Lines 
drawn from^ to 30 arid 60,' will cot the Tropic of 
Camer is requirM in « *, by Schol. and Coroll. I. 
Lemma IL SeSl. III. 

Or all the Parallels to the Equator, and in par« 
ticular the Tropic of Cancer, may be thus divided : 
Let the Tangent of 30 Degrees to the Radius of the 
Projeaibh be laid off from ato9;a9 will reprefent 
60 Degrees in the Equator, by SeSl. III. Prop. 
I. And a Circle ftruck thro p ^t will cut the 
Tropic o( Cancer in*, fo that » * fliall reprefent 
60 Degrees in the Tropic oi^Cancer. For the Circles 
rcprefented by p^ v and p a ic being Inclind to 
each other in an Angle of 60 Degrees, and ac 
Right Angles to the Equator ; their Planes inter- 
fefting each other in the Axis of the Sphere^ muft 
cutoffSitnilar Arches froth all the Parallels to 
thfe Equator, from each Parallel 60 Degrees ; and 
the Reprefentatives of thofe Arches being neceffa- 
rily Included in the Projeftion 'twixt the Repre- 
fentatives of the Circles which determine 'em, they 
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vr ill be cut accordingly: And therefore whatever 
Arch you take off from the Reprefentative of the 
Equator; a Circle drav>'n through the Point that 
determines it, and the Two Poles of the Globe, 
will cut the Reprefentatives of all the Parallels to 
the Equator^ after the fame manner. 

If the Ecliptic is to be divided into its Signs, 
its Pole, which falls within the Plane of the Pro- 
jedion, is diftant from the Centre of the Pro- 
jeftion the Tangent of Half its Inclination to its 
Plane ; by SeSl. III. Lemma I. But the Ecliptic is 
Inclind to the Plane of the Projeftion d<5* 31' 00" } 
The Tangent therefore of 33' ij' 3o"fet oflffrom 
a to »} gives that Pole : From which Lines drawn 
to tf, e, y, S, (r «, « 0, &c. containing 30 Degrees 
caciO will cut the Ecliptic in b> H, tXc. where 
thofe Signs begin ; by SeB. III. CaroU* i. Lemma II. 
Parallels to the Ecliptic are divided here, as Parel- 
lels to the Equator in the Horiz^ontal Projedioo. 
And thus all other //;c//>a'i/ Circles, as the Hour- 
Circles, and others are divided; as they may 
alfobeby CorolLi. Lemma 111. SeSl. III. and by 
feveral other Ways to be met with in the Writers 
upon Stereographrck Proje£iions ; which we have 
no occaflon to take particular Notice of in 
this Place. And having an Arch of a Repre- 
fentative, if we defire to know its Value in the 
Circle it reprefenis, it is eafily done by the Second 
Corollary of either the Second or 7%ird Lemma, 
Thus (Fig. 28.) If we have a mind to know how 
much of the Equator is reprefented by a SI g 
Ruler laid upon the Pole c, and the Point S\ ^, 
will cut the Horiz^on In b, giving us ^ b equal 
to that part of the Equator which a Si reprefents; 
which will be found upon the Line of Chords of 
the SeEior, open to the Radius of the Projedioo, 
to be 30 Degrees. If we have a mind to know 
Jiiow much of the Tropic o( Cancer is reprefeated by 
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^ r , a Ruler laid upon the Pole c and the Point ttj, 
will cut the Circle T ijp e: n in the Point ?, 
giving us n t Equal to that part of the 7ro/^/c 
of Cancer which^ xz reprefentsj which will be found 
upon the Line of Chords upon the SeSlor, open to 
ihc Radius a H, to bd 30 Degrees. But thefe 
being but the Convcrfe of Prok II. Se3. III. 
fcarceneed to have been named in this Place. 
The Converfe of ProL I. teaches qs^ having any 
Portion of a Right Line Reprefentative of a 
Great Circle, of what Valae that Portion is in 
the Circle iifelf. ^ 

And thus much, I conceive, may be fully fuffi* 
cient to give the Reader a juft Notion of the 
whole Bufinefs of Orthografhic and Stereagrafhic 
Proje&ions; and to enable him to projed the 
^heri upon the Plane of any other Great Circte, 
as well as thofe I have Inftanc'd in. The Planes 
ihavechofen, are the moft commonly made nfe 
of; and will be the moft to my Purpofe, when 
I come to Ihew the Ufe of Projedions in the 
Solution of Afiron&micat and Geografhkal Protlems i 
Which I fliall do in the Sequel of this Difcourfe ; 
beginning with the Ufe of the Orthographic and 
Sterecgraphic Projeftion of the Sjfhere in PlanOf in 
the Solution of Aftronomical Problems. 
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Chap. III. 

T'he Ufi of the Trojeciion of the 
S p H E R E in Piano, in the Solution 
of Aftronomical Problems* 

EVcry one ^ho has been let into the Ftr^ 
Rudimettts of Jlfirdno^ knows, thai it 
confiftis of T^oG^nfeVai Parts^i die Sphe- 
rkal and the Thebrknlx The Sphericd 
Pare is codcerhM principally in explaimng the 
Origin, Cattfes, and tWvificAis of thofe Circles of 
iht^phere ^hicharfe made ufeof in the Sotation 
of thofe i^^/ir/w/f^r in the Heivens which refult 
frofti the Dioth>iil Motion of the ^srth upon its 
own AxiSy atid in the AftuAl Solution of fuch 
Problems as thofe Appearances furnifli us with, by 
the Help of th6fe Circles of the Sphere. And the 
Theorical PsLVt is priftvarily converfant about the 
Determination of the Orbits of the Planets and 
their proper Motions, from the Obfervatioos re- 
lating to them, made from time to time by indu- 
ftrious and accurate Men, in order to enable us 
to frame Tables from which to predift, or to de- 
tFrmme Y6 any tifhe pafttmcettre Fo u n da ti o n of 
the World, their Places, Pofitions, Conjunaions, 
Oppofitions, Afpe6s, &c. The latter of thefe the 
Projefiion of the Sphere in Piano has little or qo 
relation to ; but it is not only ufeful, but neceffary 
to tiii^ Solution of all the Pr)>blems refulting from 
the Diurnal Phammena ; to which therefore I fhall 
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confiae myfelf in this Chapter : ASximingz^Vyxti- 
^im^ntzh 10 Afirommy in genera^I ti^e follo\^'ing 
Poftulata. 

Poftola^t. I. That the Earth turns round upon its own 
Axis once in 24 Hours; and that this Diurnal 
Motion is always Equable^ Uniform, and the fame, 
in every Point of its Orbit. 

PoiluUt. II. 7%at befidfis its Diurnal Motion up^ 
on the Axis of the Equator j it has an An- 
nual Motion about the Sun, nearly in the Centre 
of its Qrbi$y having- its own Centre always in the 
Plane of the Ecliptic. 

SchoU Th^e T^o Poflnlata arc what have been 
admitted by all the moft In^partial and Judicious 
Jftronomersy fince Cofermcus^s Time; and theyt 
with almofl all the p;:efeiit Syftem K& Agronomy, 
w^re aflerted long befpve the Comoiexicement of 
the Ptolemaic Syfiem. And indeed whoever reads 
what has txeen advanc'd in Defenfe of this 0(d 
Pythagorean Syftem of ?he World by Galilep, Kep^ 
hvy Bulliald^t Gajjendiy a^d Other Famous Ma- 
ilers in 4firmomy then^ and fince tb^t time, mufl 
admit thefe Particulars to have aloaoft abfolute 
Demonftration on their fide ; at leaft to be infi- 
nitely more probable than Ptoleng^ Extravagant 
Diurnal Motion of the Eighth Sphere^ and his 
Bungling Fardle of Epicycles invented to account 
for the Stations, Retrogradations, dTc. of the 
Planets; which are infinitely more naturally ac- 
counted for by the Tranflatign of th^e f^ir/Z^'s CeQ- 
tre in the Space of a Year, in the Plane of the 
Ecliptic round tbe Sun, whic|i i^ nea^ the Ceatre 
of the Eartb*s Orbit, but firiaiy in one of the 
Foci of the ^Bipfis which it moves io% 

G 3 Poftul*t. 
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Poftulan III. That the Axis of the Earth, during 
its whole Tranflation thro* its Annual Orbit, 
keeps the fame Inclination to the Plane of the 
HcXx^lic; andisin aU Points of its Orbit Paral- 
lel to it fetf. 

Poftulat. IV. That the whole Diameter of the Orbis 
Magnus, or the Earth'j Annual Orbit, is but 4 
Point in Comfarifon of the Inconceivably Immenfe 
Diftance of the Fix'd Stars. 

Schol Tho* thefc Two Latter Poftulata are not 
ftriftly and Geometrically true, yet they arc fo 
very near it that their Truth may be very fafely 
taken for granted : The fmail Variation in the /»- 
clination ot the Planes of t[\t Equator and Ecliptic^ 
in difterent Periods of Time being altogether In- 
fenfible, and only Difcoverable by Dedudions 
from Phyfical Reafoning^ a Priori % and the Pa- 
rallax which the Diameter of the Earth^s Annual 
Orbit makes with fpme of the Circum-Polar Fix'd 
Stars (tho' it be a good Argument to eftablifli the 
Annual Motion of the EarthJ is fo fmall, that to 
the Eye in thofe Stars it may be confidered as In- 
tirely Infenfible. 

CoroH. I. From the Three former of thefc Po- 
flulata VI t may deduce the Reafons of the Varia- 
tions of the SeafoQsin all the Parts of the Earth, 
at different times of the Year, refulting from the 
different Meridional Hcighths of the Sun, and 
Lengths of the Days and Nights, wherever there 
fkf 51. is any Variation in them. For in the Scheme an- 
nexed, Let « a ni 2S reprefcnt tjie £^r/A'$ Annual 
Orbit, having © (the Sun) x\tzr\y in its Centre; 
which I have made abfolutely fo here, becaufe the 
Suppogtioti of its being in one of the Foci of that 
jEi?/^^ which the £tfr/i& reaUy moves in^ i$ of no 
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Confideration to my prefect purpofe: Thro* the 
Centre of this Orbit draw c (S> a\ reprefenting the 
EquinoHialy and a (S> g the Solflitial Colure i aad 
upon the Four Cardinal Points where they Inter- 
fed the Eanh^s Orbit, mark'd all here with ^, 
projed the Sfhere Stereographically upon the Plane 
of the Ecliptic, according to the Method obferv'd 
in the Second Example in the Fourth Sedion of the 
preceding Chapter : 'Tis plain that cais the £j«i- 
mSial Colure, or more properly, the Reprefentati ve ' 
of the Interfedion of its Plane with the Plane of 
the Projedion, and a g the Solflitialy in all thefe 
Projedions ; p the Pole of the Globe ; ^ F c the 
Equator ifi»d bathe Tropic of Cancer ;lmLbthc Path 
of the Vertex of London ; and the Circles which 
cut each other in p, the Pole of the World, are 
Circles of Right A(cen(ion in the Celeftialy and o£ 
Longitude in th« Terrefirial Sphere ; as in the Ex- 
ample referred to* And as the Sun only illumi- 
nates one half of the Earth*s Globe at the fame 
time, the Line which divides the Illuminate from 
the Obfcure Part of the Earth^s Difc, may not 
improperly be called the Horizon of the Earth's 
Difc J 3LSa ecyaecin the Tropics of Cancer and Capri^ 
cwn, and a eg, aegin the EquinoElial Points ot T 
and ^ : And the Plane of the Projedion infinitely 
continued every way, will at laft coincide with the 
Ecliptic amongft the Fix'd Stars, or that \ Orbit 
which the Centre of the Eanh in its Annual Re- 
volution feems to defcribe amongft *em to an Eye 
in the Sun^ which is therefore call'd the Plane of 
the Ecliptic in the Earth's Difc, or (when there is 
noQccafionto diftinguilh it from the truG Echp^ 
tic) (imply the Plane of the Ecliptic^ or the Ecliptic 
itfejf. Now the Axis of the Earth in this Pro- 
jedion being apparently in the fame Plane with 
f he Solflitial Colure, and that paflSng thro* the Eye 
k the Southern Pole of the Ecliptic where the Ey^ 
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is plac*d in this Projeftion, and theripfore heing 
projeSed into a Righ^ Line, that Right Line muft 
reprefent both at the fame time, and confeqpent- 
ly p eg muft reprefent fo much of the Earth's 
Axis as falls within thefe Projedions : And the 
Earth turning upon this Axis to the Sun once in 
24 Hours, by Pofluiat. I. and in its Tranflation 
thro' its Annual Orbit (affum'd in foftulat, 11) 
keeping its Axis always equally Indind to the 
Plane of the Ecliftic^ and therein ^ e ;he Tangent 
of Half the Inclination of the Planes of the f^n^or 
and Ecliptic conftandy the fame, and the fame 
Axis, or the Linop eg (which Line for that rea- 
fon is not improperly call'd the Line gf Dire^icn 
of the Earth's Axis) coaftantly Parallel toitfelfi 
By Poftulat. Ill From hence W€ may easily de- 
termine the Reafons of the forementiooed Pham- 
mena by mere InfpeSion into the prefeot ScKenB^* 
For let the Earth be in the Tropic oiCapric^n 
viewing the 5»»in the Oppofite Point oflHe Eclip- 
tic^ viz.. the Tropic of Cancer^ and let the Vertex of 
London (for Inftance) be conceived to move in its 
Path from m its Place at Midnight, thro' /the Place 
at Sun-rifing,to h its Place at Noon, and fo onto L 
its Place at Sun-fetting, till it comes in 24 Hours 
time to m again, 'Tis plain that then the Illumi- 
nate Part ot the Earth's Difc is aac i and confe- 
quently, whereas the Vertex of London moves thro* 
the whole Path eh Lnt in 24. Hours, the Illumi- 
nate or Diurnal Arch of its Path IhL is n^uch 
larger than the Obfcure or Nodurnal Arch ; and 
confequently the Day, when the Earth is in the 
Eirft Point o( Capricorn^ and the Sim in that of Cancer y 
muft be much longer than theNight* And if we 
projeft the Earth in ever fo many Points in the Qua- 
drants of its Annual Orbit e^ t e, and/ em H et 
we fhall always find the Diurnal longer th^n the 
No^uraa} Arches of th^ Path^ till we come to the 
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Fixfi Points fif T an4 s^;, decre^fing on c;»ch Sid? 
frpin f in th? 7r(>/ifc QfC^pricorn^ ^here VP have th? 
Langeft D^y, the Sf4p being then view'4 io the 
Fir)? Point of C^acer, Jind having |jis C^ptr^J R^ys 
running Parallel to thf gr^^t So/fiitiai C?Pl^re. 
The fame holds of th^ P^fbx ftf ^hg yertices^ or 
Parallels of Latitude ojf all p^her Plftcesi 'twixt the 
Eqifator and the North fo\^ of th? Globe j 2ind the 
contrary in the Oppoi^^? Hemifphpre from the 
E^tor^ to the SQuth Pole ^ as ^ay 9^i iP^ C^^ 
who will piTpje^ that far? of the ^jpfew uoon the 
Plane ^{Rffkd^ and nirher^as in the Proi^iop of 
the pquamt ^^ in iiU oth?r great Qrcl^s qf the 
5jpA«v^. h^lf of it is alwaya al?ipve ^h^ PUpe of 
the Projeftifip an4 half feeJQW^ half qf it. in thp, 
lili^B^ip^te ap4 half pf it in t^e Obf^ure, ^an of (he 
Difc ; hcpce it fpUows, that liqd?^ th? i/«« the, 
D^ys and Nights ai^e equal ^\\ t^e Year roupd ^ 
Ap4 ia ev^ry P^raW^l of Latitude *x\yxi^\ thg ^5^^^- 
m and th^ iV2pf«* Pole t^p ^)aXS V<? lang^r i^ 
Pfpopprt^on to their Nparaefs (q the Pole, apd th^ 
coatrf ry on the other Side of the Eq^AW s thus, 
in the Qzfe pf the Parallel of Lpndon^ the Npftur- 
i\a| Arch / m L t)ear$ a I^^ propprtjpp to the 
\{\\cA!^Paf.,b hlmL^ than in the. Ttofic pf Qanc&r 
or thp Parallel pf 23' 2^" po', th^ Noftuwial Arch 
W 4b^ dpes tq the whole Path aH'dt: Fpr where-? 
as the Hour-circles ip th;^ frqjcStiqti are two 
Hours diftaiit from each other, aaid 4 ^^ reprefepts 
that of Noo^ and Midnight to aU places updeir the 
fame Meridian with the City ofLondifn ; *ys plain 
that the No&urnal Arch of its Path dpes not takf 
up 9^ite £^it^ Hoprs, w.herej)s that of the Paral^^ 
lei of 23^ 25?' 90" takes pp. naqre thap 7>«.» the 
fliorteft Night in our Latitude upon Cacplation 
^PPfft^inipg to be pnly af 34' 30", whereas 
that upder the Latitp4e pf 23^ 29' pp'' is no 
le($tban 19^ io' $^". And fo t|ie length oJF 
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the Day increafes 'twixt us and the North Pole, 
till at laft it is 24 Hours in that Path which juft 
touches upon the Horizon of the DiTc, and no lefs 
than half a Tear to thofe who live adually under 
the North Pole of the World. At this Time alfo 
the Sun is the neareft our Vertex it can come, it 
being in that Point of the £c//^^/c a in which it 
touches the Tropic of Cancer y and therefore but 
28*03' 00" from our Vertex. 

Let the Earth move along in its Orbit till it 
comes to the firft Point oiAries^ and it will view 
the Sun in the Ftr(i Point oiLihra ; and as it keeps 
its Line jof Dirc&ion feg^ or^ e, conftantly Pa- 
rallel to itfelf, the Horizon of the Difc in the Firft 
Point o( Aries will (land at Right- Angles to that 
in the jRr/? Point of Gipr/rorw ; t/Zz,. a eg; which is 
the fame with the Line of Meafures in which the 
Centres of all the Paths of the Vertices arc found ; 
and confequently more or lefs of that will be a 
Diameter to each of 'em ; and a Diameter cutting 
every Circle into Two Equal Parts, the Path rf 
each Vertex will be half in the Illuminate and half 
in the Obfcure Part of the Earth^s Difc ; and con- 
fequently the Days and Nights will be Equal to 
all the Inhabitants of the Earth : and the direft 
Central Rays of the Sun running Parallel to the 
Great EquinoBial Colure, and cutting the Earth^s 
Ecliptic in one of thofe Points where the Equator 
and Ecliptic interfeft each other, the Sun will be 
diftant from the Vertex of London 51* 32' 00", 
the fame as theDiftance of the Equator from that 
Vertex or the Latitude of the Place. The fame 
happens when the Earth is in the firfi Point of 
Litra^ viewing the Sun in the Firfi Point o( Aries; 
for the fame Reafons. 

And when the Earth in its Annual Motion 
comes to the Firft Point of Cancer^ viewing the Sun 
in the Rrft Point of Capricmt |^ its Line of Di- 
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reaion f e ftill keeping Parallel to itfelf, the No- 
Suroal Arches of the Paths of the Vertices are Equal 
to the Diurnal when the Earth is in the Tropic 
oi Capricorn^ and increafe each Path according to 
its Greater Northern Latitude. And the Central 
Rays from the Sun falh'ng then upon that Point of 
the Ecliptic gi where it is moft remote from the up- 
per part of the Equator^ his Diftance from our Ver^ 
tex will then be thegreateft; viz,. 7 J* 01' 00". 
And in all the intermediate Points 'twixt IT and ;sii 
the Nights will be Longer or Shorter in Propor- 
tion to the £/ir/i&'sNeamefs to or Remotenefs from 
the Firft Point of Cancer 9 as every one may fee 
who'll take the Pains to Projedthe Sphere of the 
Earth in any one of thofe Points upon the Plane 
of the Ecliptic. 

CoroB. 2. From the fourth Poflulatum it follows, 
that in folving the Diurnal Phanomena, we have 
no occasion to confider the Earth as in the Cir- 
cumference of its Annual Orbits but in the Centre 
of it ; (ince the Diftance of its Centre from the re- 
moteft Parts of its Circumference is but an infen- 
iibie Point in Comparifon of the Immenfe Diftance 
of the Fix'd Stars. And whereas, to an Eye in 
the Sun, the Earth does really appear to move 
round the Sun in that Circle which we call the 
Ecliptic amongft the fixed Stars once in a Year ; 
to an Eye in the £arriEr, conceiving itfelf as Qui- 
efcent, the Sun muft feem Annually to move in 
the fame Orbit round the Earth : And confcquent- 
ly may be conceived at any time to be in that 
Point of the Ecliptic in the Earth's Difc upon 
which its Central Rays fall perpendicularly at 
that time : For Inftance, when the Earth is in the 
Firft Point of Capricorn^ the Sun^s Central Rays fal- 
ling then upon a the Firft Point of Cancer in the 
Earth^s Difc^ the Sun may be (aid then to be in the 
JFhft Peine of Cancer in that Difc ; as it is aftually 
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then viewed in chat Point in the Heavens : And fo 
for all the other Points of its Orbit. Tbefe things 
being well condder'd and adn^ittedj it v/ill not be 
difficult to folve all the moft N^o^^iientoiis ^rom- 
mical Problems relating to tjie Firfi M^^iion upon 
this Projcaion ; or any other, either, Onhogra^U 
or Stertografhic^ which we are wilh'ng to pitch 
npon. Ilhall make ufe of 4 large Stereographick 
Projedion of the Sphere upoi^ thQ Plane of the Eclip- 
^(Ftg. 3i')at this time^Jn which I will fup- 
pofe the Sun in b la^ ij' 13" i w-here it will be 
found to be in 1715. jfyr. %x^ \i^ 46' 33",- or on 
the 2 2d oi Aprils at 09^ 4<^' 33" ^Q the Marui$fg to 
fhe Meridian of Gt^eenwicb. And from this one 
Inftance the Intelligent Reader will eafily le9,rn 
how to folve all the Diurnal Phanomena upon this 
Frojedion to any Day w a Tear, having the 
Suns Place then in the Ecliptic from the heft Solar 
tables he can meet with. And he will fee how to 
do the fame upon any other Plane, if he is through- 
ly acquainted with the Two preceding Chapters^ 
and with the Natures and Ajironomical Uf(ps of 
the Principal Circles of the Sphere; which I have 
already taken (or granted as previous to the Full 
Under (landing of this Book. 

Of the Diurnal Phanomena fome are more Gene- 
raly being the fame to all the Inabitants of the 
Earth at the fame time i and others ar« more Par- 
ticular ^ requiring our Knowledge of the Latitude 
of the Place we are in before we can determine 
'em : The Solution of fuch Problems as relate to 
each of ihefe Kinds of Appearances ftiall be the 
Bufinefs of the following Part of this Chapter : 
And I fhall begin with tbofe which are more Ge-- 
'neraly and are the fame to all the Inhabirao^ts of 
the Eartk at the fame time, 

SECT. 
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SECT. I. 

T'ht Soiution effuch Prokkms reJuMng from r*eScft.I. 
Diurnal PhsDomena^ as are the fMte to oB 
the Inhabilants tkf the Earth at the fame 
time. 

P R O B L E M I. 

Having the Suh'j Piace in the Etliptic^ afidfhe In- 
ttrnationtf the Planes of the Equator and Eclip- 
tic to each other ; to find ont his fo'ght Afceafioti 
firom the Firft Poiflit ofArits, his D^ancefrom the 
NiOrth Pole of the ffbrld^ and the Angh which 
the Mcridiati paffing thro'' the SuH ^ thatPlaet 
makes mth the Ecliptic. 

SbLUTioN Upon the ProjeEHon. 

IN the Schemfe annexM Jet © n&pffefent the5«w's ^«« J^. 
Place ih the JEclipticy Which I here affumc 
to be id » 12* 15' 13", the Arch T © being 
42" is' 13". 'Tis plain that /© I is the Il- 
luminate, andfdg the Obfcure Part of the EartVs 
Difc; and if \vt cotitinue feg the Horiz>on of the 
Difc till it ftieets with abc the Line of Meafurcs 
in which the Centers of all the Hour-Circles, or 
Meridians^ are found, it will cut it in c, the Cen- 
tre of the Proper Meridian^ to that Hace of the Suit 
dpQ, c ® being its Radius^ and confequently 
X ^ as mdch of that Meridian as appears withiti 
the PI ane of the Pr ojefiion. Let the whole Equa^ 
tor tb be projefted V y i^ 5, and the proper Meri- 
dian continued to a •' Then We have in the Tri- 
angle r^©, l^irft, t ©, theDiftance of the Sun 
from the Firft toint of '^r its ^2^ ly 11" i Secondly^ 
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ip r © the Inclination of the Planes of thtEquaw 
and Ecliptic ro each other, 23* 29' 00"; and 
T'hirdly, © a Ti=z 90 Degrees, a great Circle, as 
dp a, paffiog thro* the Pole p of the Equator cut- 
ting the Equator Sit Right* Angles by the Nature 
of the Sphere : And we want r a the 5«ii's Right 
Afcenfion from the Firft Point of Aries ; ^ ® bis 
Declination from the Equator^ the Complement of 
which to 90* is © ^ his Diftance from the Pole ; 
and T ® a^ the Angle which the proper Meri- 
dian makes with the Ecliptic in this Place. 

And Ftrft, for T a^ or the Suns Right Afcen- 
fion at this time : a Line drawn from p the pro- 
jefted Pole of the Equator to a, will cut off T ^ in 
th& Ecliptic Equal to that Arch in the Equator 
which r a rcprefcpts; by CoroB. i. Lemma II* 
SeSi* III. Chap. lU And if you open your Selior 
to the Radius of your ProjeSion, you will find 
upon your Line of Chords that r ^ is nearly 
39* 48' 00" ; which is Equal to the Suns Right 
Afcenfion in the Equator at that time: And the 
larger the Radius oi your Projedion, and the 
more and nicer the Subdivifions on your SeSor^ 
the more accurately may you determine the Suu^s 
Right Afcenfion at that time. 

Secondly, For a ®, the Sun's Declination from 
the Equator : 'Tis plain that p ^ is a projcfted 
Quadrant of the proper Meridian dp a, it repre- 
fenting fo much of it as is intercepted 'twixt the 
Pole of the World and the Equator *, that is, 90 
Degrees; and ® >( is a Quadrant of the fame, be- 
cause from the Sun to the Horiz^on of the Difc is 
90 Degrees, as the 5'ii» Illuminates one half of the 
Globe at the fame time ; therefore^ © added on 
both Sides, making © a and p x Quadrants of a 
Great Circle ® ^ is Equal to / k : And the proje&ed 
Great Circle d p q being found to be IncliaM to 
thePlaneof the Projeaion about 72; 25' 00'', by 
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CoYot ad Prop. III. SeSl. IL Chaf.ll. its Pole which 
fails within the Plane of the rrojeftion is diftaoc 
from that of the Primitive e, 36* ii' 30" } by 
Lemma h SeB. HI. Chap. II. The Tangent of 
which to the Radius of the Proje£tioo laid off from 
e to 7 gives « the Pole required ; from which a 
Line drawn thro' ptof«r gives/ f* Equal to that 
Arch in the Proper Meridian which JC/ =: © ^ re- 
prcfents, by the CoroBary refer'd to in the prece- 
ding Cafe ; which will be found to be fomething 
more than 15'' 32' 00". 

thirdly. For IT © a, the Angle which the pro- 
per Meridian makes with the Ecliptic, or its Alter- 
nate which is Equal to it / ® x : 'Tis plain that 
/ and © X being Quadrants, / x is the Meafure 
of the Angle of/© x^ and x^ its Complement to 
90 Degrees: In order to find one the Value of 
which, a Line drawn from © thro' x to A gives us 
^ i, which is the Meafure of twice the Angle which 
X f is the Tangent of to the Radius of the Pro- 
jeftion 5 by Prop. I. Sell. III. Cbaf. II. and xe be- 
ing the Tangent of half the Arch which it repre- 
fents, that Arch and A d are Equal : And A dis found 
upon the SeSior to be fomething more than 17* 49' 
00" ; therefore x e reprefents the fame ; and 
/k z=2f(S>^^a® T is fomething lefs than 72* 
II' 00'. 

Trigonometrical Solution. 

^npIS plain that the former way of folving 
X this Problem ("and the Reafon is the fame 
for all others) cannot come to that Accuracy 
which an ^y2ro»o;9f^r requires, unlefs the /t^'^x of 
his Projedion is large, and his SeSior fo too, with 
Nice and Accurate Subdivifions : Tho' it be there- 
fore very pleafant^ and with thefe Advantages 
I capable 
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cat>able of gf eat Exaftnefs, and abfiMucely necef- 
fafy when we ate not furnilhed ^'ith either Natw 
ml or LogdrithMicai Tables, yet the TrigononUtrkal 
Solutfod by Spherkai Triartgles is the moft to be 
depended upon, ks giving us the precife iTruth, and 
not leaving Us for any Minutes or Seconds to Cou- 
jeauHBS. If We tike therfeFore the Right-angled 
Sphefknl Tylaiiglfc T 4? ®, Fig^ 32, and place it 
in % 3 J , Vr'fe have the Angles ® 1^ ^, r ^ ©, and 
the Side ; T® ; afld We Wafat lr^, ^ © and r ® ^ : 
For which in their Order he who is acquainted 
With Right^afiglfed Sphrknl frigondtnetry, will ufc 
thefblloWittg Proportions. 

R: c.S. ^ r d::t.t ®:f.Ta. 
R: S. ® T a:: $. T i^ : S. iS> t. 
R:c.S.^ V ;; f. ® r^:c.t^r®a. 

k: c.S. ® t ^:: ij*. 19'. 06". 9. P^^HJ* 

1^ r ^. 39. 48. oj. ip. 920752 = ©** 

R: S. <S T d:: 23^ 29\ eo". 9. 600409 
•S. '^ © : 42. I J. 13. 9 ;,. 8 2 75 3 5 
5* & ^. 15. 32. J I. 9. 428044 = ®" 

^' ^;?' X ® •. 4^'- 15'- 13". 9. 8^9335 
T. ® T U: 23. 29. 00. 9. 637955 

f.r. '^ ® a. 72. 10. 24. i?. 50729 1=^^^ 

[rid.CumEclift. 
Whence wedifcover that whett the » , / ,» 
5//«isin« J 12* 15 13 

Hi^ Right AfcenfioB is 39 48 05 

Northern Declination I5 32 31 

Diftance from the North Pole 74 27 29 

And the Adgle which the Proper A^\ 

ridian makes with the EcUftk jf^* '^ ** 

Q: E. J. ScM 
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Scholium 1. By the Cooverfe of this Pro&Iem 
having the -Stall's Right Afcenfion, and Diftance 
from the Pole» we may find his Place in the Eclip^ 
tic: For then in the Triangle T O a {Fig. 32.} 
we have a the Complement of his Diftance 
from the Pole, a T his Right Afcenfion, and 
aT ® the Inclination of the Two Planes of the 
Equator and Ecliptic: And confequently may ea* 
fily find T 0, either upod^ the Projedion, or by 
Trigonometrical Csiknlus. 

SchoL 2. After the fame manner as we proceed 
io this Trigonometrical Solution, the Aftrommers 
calculate the Suns Right AfcenHon, and Diftance 
from the North Pole of the World to every De^ 
pee and Minute of the Quadrant T <S> ^ ; and 
having 'em for that they may eafily be had for 
the whole Circumference of the Ecliptic. For with 
refpcS to the Sun*s Declination (which fubcraded 
from a Qnadrant when North, and added to it 
V^hen Southy gives his Diftance from the North Pole 
of the World) his greateft Northern Declination is 
when he is in the firft Point of Cancer^ being 23^ 29' 
00"; and then his Diftance from th^ North Pole is 
66* ji'oo'"; and that Declination decreafes from 
s to ^ in the Ratio in which it decreafes (rota ^ 
to T i! fo that in the Second Degree of ^ it is in the 
29th of n ; and fo on : And from the Firjl Poinj 
of Libra to that of V his Southern Declination 
increafes in the fame Ratio as the Northern 
docs from f to «, (fo that in ni 12* 15' ij" 
^h Southern Declination is j$* 32' 31", and con- 
fequently his Diftance from the North Pole of the 
World 105* 32' 31") till in the Ftrji ?o\nl oiCa^ 
pricom it becomes 23* 29' 00", and then his Diftance 
from the iV&r^A Pole is 113" 29' 00"; the Decli- 
oatioas therefore of the Firfi Qjiadrant, with the 
Title of Southern, will ferve for the T%ird Qua^ 
drant of the Sfili^Sf and thcf; decreafing froxu 
H the 
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^ tropic ofX^Mpricorn as the Northern ones do from 

the Trofic of Cancer^ the DecHolittonsof die SecotU 

Quadrant of the £c%/c will ferve for the Fofirtb. 

Atid 10 like manner having calculaced the Snni 

Right Afcecffioo to the Fsrfi Qu^ranc <ff the EcUf- 

Hifc^ you a»y make it out by i>are Addition and 

Siitra£thn to dther thne*. For if the Sun had ap- 

|>ear*d in the JPbunh Qoadrant of the EcUf^ vs 

remote from the Ptrfi Point of Aries ^ht is in b 

12* 15' 13"; V&. in rs 17* 44' 47" 5 the Right 

Afcetfiion ^f this Point in b will be found upon 

Calculation 45* 16' 25", which taken froia 560, 

the Right Afcdnfion of the La% Point in 31, leaves 

3H* 45' ^y f^^ the Right Afeeiiirion of ^ 

12"^ 15' 13". If the Sun wereinthe Second K^" 

dfarit as 'remote from the Fhfi Point of Utm^s he 

is ih the Pro|«iaicin from the f!rfi Point of Arits^ ^A. 

in 'SI 1 7*44' 47" J theiRight Afcenfion of tbk 

Poibtin «, a)te. 45*16' 25" taken from i»8o Obe 

Right Afcenfion of the ipirft Point of Libra) leaves 

134'* 43' 35" for the Right Afceofiom of ^ 

12* 15' 13". And if the Sun were in the7A/W 

'Quadrant as remote from ?f he J5//I Point of ZJ^w 

as he is in the Projeftion from the iurfi Poiht-of A^ 

ries, viz,, in m 12* ly' 13" j theRight Afcenfiimef 

that Point inb, viz,. 39'' 48' 05", added io 180 

^iveS2i9* 48' 05" for the Right Afceiifion of^ 

1 2* ly' 13". And after the fame manner »n»y 

Ave have the Right Afcenfion of every >Poinc of 

the Ecliptic. 

Schol 3* As «]» is prov'd Equal to(^ m in the 
former of the Two Solutions ofthis jPro^few; fo 
it hoUs Univerfally that the Illuminate Part of 
the Proper Meridian intercepted *twixt the-Pole of 
the World and the Horiz^on of the Difc is Equal 
to the Sun*s Northern Declination in the Summer- 
Months^ for the fame reafon: And the Obfcurc 
Part of the fame Meridian 'cvi^xt tbe Pole of the 
a World 
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^orid Md the Bjrizou oiAe Oifc is Equal t# hil 
ioHthem Decline iun in the IVinter Heafou. I'his 
Part of >che Prifer Meridian is catU'd the RefieEiion^ 
and n of CXfe an the Solution of feveral of che 
•more farti^ndar ^Prgblems. 

PllOB'L^ltf II. 

Havbigahe Longitude and tatituJe .cfa Fix^d Star, 
li find iAeRf^htAfcenfim, add DecliMatu>Ti. 

Solution upon the PrdjeQion. 

L€ T the Krfl Star in ^wi be that whofe Right 
Afcenfion, and Declination we want : Its 
Loagkude from the Vernal EquimBial Point (in 
the beginning of the Year 171 1) is T 29* 00' 50/' ; 
according to Moolicmr de la iiire's Tables > and 
i> Latitude 7* 09' if\ North. The Chord there.- Fig. 3*. 
tar€,crf 29" co' 50'', to the JRadiUf of rhc.Projeition, 
fet ^'-&6m T to K gi\iie$ T x its Longitude ; and 
vi < « is the Reprefcntattve of JtsCircle of Longi- 
tude ; by Prop. I. Sffif. n. Chap Ah And the Tan- 
gene of half the' Complement oif ics Latitude fet 
off from < to ilc, gives * the Place-of the Firfi Star 
in ^^ by Prep. 1 j;r^.<4H. C^. JL And as the 
Circles of Right Afcenfion pafs thro* both nie pro- 
jcfted^PoJes of the World, and the Stars whofe 
Right Afocnfiop tfiey detcmiine r If Jw-e »find out 
the ^outh Pole b^ Leffwia I. SeSi. Til. Cap. II. 
and' fhiro' that aiyd-'the ?ok\ts p and * ftnke a 
Circle by y. IV, Euclidi we ihall find the Circle 
A/) >? ft CO be the proper Circleof Ripht Afcen- 
fion tp the Fh ft Star of Aries ; having 5^ for its 
Ceacre.;Apd.€% being the Tangent of its Inclina- 
tion to the Plane of the Projedion, to the Radius 
1? Vf by Prop. liL SeSi. II. CapAl. which being 
i . jaJv its Pole <* may be found alfo, by the Lem* 
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ma now refer'd to ; and a Line drawn from that 
Pole thro' * to ty^ will give ft q in the EcUpt 
Equal to that Part of the &^'s Circle of Right 
Aicenfion vhich y % reprefents; and ^ ft 6 iviU 
cut off ft a Equal to what is reprefented by r % <; 
from which y * being taken, there remains :|c 1 
the Northern Declination of the JPirft Star of T at 
this time : And a Line drawn (romp thro' 9 td 
gives us Y' « Equal to that Part of the projeded 
Equator vfhich r A reprefents: That is, the Right 
Afcenfion of this Stan Both by CoroB. I. Ltmna 
II. Sell. IIL Cap. IL The former being found, 
even upon this fmall Projedion, 17 Degrees and 
about 49 Minutes; and the Latter 34 Degrees^ zai 
above i-j Mtnutes. 

Trigonometrical Solution* 

The Star being projeded as before^ ^tis plain 
that ^ X is its Circle of Longitude in the Ecliptic \ 
and its Longitude being 29* 00' jo", r sc muft 
be fomuch: And in the Triangle r x }, having 
the Side T x 29* 00' jo" ,• th^ Angle x r J, 
23' 29' 00'', and the Angle at x Right, we may 
have r J, X i, and r J x, by the following Pro- 
portions: 

A: cX n r Z.i cffr «• c.T. V ^ 

/i. .s: r X;; t: X V *• r* *• 

R: cS. Y* x:; 5. x y ^'^ ^••S*- V^** 

^; C.5. X V Jaac 2j* ^p' Q^'i^ p. 9524^2 
c.T. Y X = 29. 00. 50. 10. 255999 
c.Tt Y *. = 31. 09. 42, 10. 218451 
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R: S. r% =:2p*. oo'. yo". 9. 6^3761 
T. n i. II. yj. y8. 9. 311717 

it; r.51 V *= *9*. 00'. 50". 9. 9417^ 
51 JC V J==23, 29. QQ. 9> <5oQ4Q9 

€.S. '^i K 69. 16. 22. 9. 5421^9 

HcQce we have v '» Ji' 09' 42" ; n J, 
ji- S3' j8"; and v Jx, 69* 36' 22"; and» ^ 
bciog 7* 09' i/', J * muft be 19* 03' 15": 
Therefore in the Triangle J * ft, having ^S * 
= Y J H tf9* 3^' aa" > the Angle at fi Right; and 
** 19*03' is"; We may have J« call'd the 
Profinpbarefis of Right Afcenfion, and • ^ the 
Star's Northern Declination by the following Pro- 
portioils. 

R: 5*. * J ft;; S. * S: 51 :*c 0. 
jR;c.5. * J 6;: T. * J; T. J «. 

25.. 5. * X 0=3 d9*. 36' 22". 9. 971887 
-S. * * = 19- 03. ly. 9. 5138 3^ 
51 * •. = 17. 49. PS. 9- 4857x9 

^;c^ * ift = tf9*. 3tf',22'\ 9, y42i68 
7! * J; = 19. 03. ly. 9. SB 8304 
7^ > • = otf. 51. 41?. 9. 080472 

So that for the Angle yp^, ^rthe Archv^t 
reprefenting the Right Afcenfion of , the pirfi Star 
of Aries at this Time ; the Profiapbar^c^ ft i„ 
06^ yi' 46" muft befubtraftcd from )r» call'd 
the Competent Right Afcenfion, 3 1* 09' 42'' : 
Which being done, it will leave the True Right 
Afcenfion of this ^ar at thin time, 14'' 17' ^6'^ ; 
its Northern Declination being 17'' 49' by''; and 
H 3 confcqueqtly 
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coafequeiKly Ks jJiftance- frooti the North Pole of 
the Worki7x''id' yj". 

flE.l 

ScboUum I. By the Converfe pf this ProUem^ 
having the ^ighc A(cenfion aod Declination of a 
Fix'd Star^ we may find cue its Longitude and 
Latitude. For admitting the Rigfit Afcenfion of 
the Ftrft Star in ArUs to be 14* 17' 5(J", in the be- 
ginning of the Year 171 ij and its NorthetH De- 
- clittatioti if 4J>' oj"; ^b have fbthc Tri^ngld 
V e « T *, 24* iV 5(<'\ 6 Y H ij* i^' 00", and the 
Angld at 6 Right : Whence we (difcover t n, the 
Compctedt Longitude, id^ i»'34"i ^ft, 10*08' id"; 
ind r tj ft dJfe* 42' 16" : And tikirig 4 ft from the De- 
clinatioid known 17* 4p' 05'', h * is 7* 40' 55". 
Therefore in the Triangle * k ij Right-aflgPd at k, 
having *j*, *t)Xt=rijft, and the Ailgle at « 
Right i we find k * the Latitude of tJhe F/rft tor 
in Aries f 09' \6" North ; and A vi the Projiafharefis 
of Longitude, 2* 4S' 17"; which added in this 
cafe tor«! the Competent Lcngirude^26• \i' 34", 
makes the Real Longitude of this Star at this 
time, ^29" 00' Ji". both vithin dne Secmd 
of a Digrte of what we affum'd in the PrAlem^ 

Schol 2. Whereas, by rcafon of the Recefs of the 
pquifidcii/il Points y? Acondi Yearly, the Rx^d 
*-; 1 Stars feem to move forward fo mdch from the 

fsrji Point of Aries, in the fame Spec^cf Time, in 
their refpedive Parallels of Latitude ; thereby in- 
creaHng their l^^ongittide 50 ^Slrctoir TeaHy^ but 
keeping their JLaticudt alway) the ftmes Aii4 
vh^rieas, ^s they vary their Longitude, their 
Right Afcenfjon and peelioation liiQft vary io 
fome aflignable Prpportipp. By tb^ Method ob- 
fervM in the $qlutiop of thjsFfv^ilmi^ it is eafy for 
4ny pne to clifeover how much iny affigoable 
if/xV Sf0r varies its Right Afc^nfion and Peclir 
nation ia any Cpmpajs of Tiib^* Lftit be re- 
quired 
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quipM therefore to aofwer this Qoeftioo withRe-- 
latioo to the Vtrfi Stwr ia Ai$s^ fpr iqo Te^rs to 
GOflM from the b^innii^ of the Year 17 1|: We 
have already affiga'd its Place at t|ifs Time to tie 
I m Aries 29* 00' 50''; therefore in the begiaaipg 
! ef 181 1 it will be ia «, 00*34' *<>''; T «' W 
beiag what it iocrcafes in Loagitude io ipq Years. 
Therefore (fuppofing it to have mov'd in its Pa** 
rallel of Latitude from ^ to • >< • its oew Circle of 
Loagitude beiag a • K * 9^ aad that of Right Af- 
ceofioa/«M. *; ia the Triaagle V 9, Righ?- 
aagled at 9> we have Y o^ the S^gr^ Pew Lon- 
gitude from the Vftwd Equimx^ jo! 24' 10''; . 
9'^ 5» 23* 29' 00" J and the Right Angle at ». 
By which we are ioabled to fiad v 9 the Con^* 
peceat Right Afceafioa to this New Loqgitude9 
which upoo Calculatioa appears to be 32'' 36' s%'^, 
5 V, tfp* 53' yd-, and 9, 12^ 24' P^"* 
to which Laft © * being added, 7' 09' 17", it 
makes 9 ' ►< •, ip* 33' 19". Farther, in the Right- 
angiy Triangle ^ h • 9, Right-angl'd at % ,• ha- 
ving- f *, IP* 33' 19-, I? 5 .>i. dp* 53'56"; 
and the Angle at b Right; we find h -M* the 
.fir/zr^s New Declination, i8*i9' i^",* andconfe- 
queatly its Variattoa of Declinatioa ia 100 Ye^rs 
oo* 30' 07" nearer the North Pole of the Worl^ : 
Aad*^ 9, the Proftafbxrefis of Right Afcen/ion 
^ S7 3^'; which takca from $2"" 36' 32"* the 
Compeceat Rijht Afceafioa, leaves ay* 38' j6" 
for the New Kight Afceafioa of this Star: And 
confequeatly i* 21' 00" is its Variation of Righc 
AfceaMoa in loo Years to come from the begins 
aiogof J711. Aad after the fame mwwr are 
the Variations of Right Afcenfiooaod Declination 
of all the other Fix^d &arsy refulting from t|ic 
Recefs of the E^uinoBlal Points, calculate4 to this 
or any other Number of Years by the Afireno- 
Piers i who in their Catalogues of the F!x*d Stars ^ 

H 4 give 



Digitized 



by Google 



104 2^* Vfi of the TrojeSiion 

give us the Right Afcenfioo, ai^u 'either Decliiiai«* 
tiohor Diftance from the Pole^ together with the 
Longitude aad Latitude of each Star to a deter* 
minate Epocha ; and their Variation of Right Af- 
cenlion and Declination^ or Diftance from the 
Pole9 to 10^ 2o, 50, or 100 Tears ; in order to 
inableus to make them out to any intermediate 
Times. Mr, Ftamfteady indeed^ in his Ex- 
cellent Catalogues of the Ftx*d Stars, with 
which he has inrich'd the World, gives us the Va- 
riations of Right Afcenfion and Declination of all 
the Stars to one Degree of their apparent Annual 
Motion from the Places they are found in at the 
beginning of the Tear 1690; which they com- 
plete in 72 Tears : And according to him^ the Rrfi 
5f/irof^riV/ is in the beginning of the Tear 17111 
in Arks^ 2p*oo' 10" ; 40 Seconds fliort of Mr. deU 
fare's Place : and his Variation of Right Afceo* 
iionof this Star in 72 Tears is 00* $8' i6'' ; and 
the Variation of its Declination at the fame time 
is 00^ 11' 43^' ; both which agree accurately well 
with the preceding Determinations The Intelli- 
gent Reader muft obferve, that the Diftance of the 
fjrfl Star of Aries from the North Pole of the World 
will be lefs 100 Tears hence than it was in the 
beginning of 171 1# by oo* 30' 07''; itsNorthiru 
Declination increafing fo much in that time ; and 
it will continue to increafe for a great many lOo 
Tears more^ till that Star is found in the Fnfi 
Vointof Cancer where its Latitude <fe 2 , 07* 09' if 
deduced from ^ p which is 66^ 3 1' oo'\ leares 
its Diftance from the Pole only 59*21' 43",- its 
Northern Declination being then 30* 38' i/'* 
And from this Point to that of W, which it will 
be a great many Thoufands of ^ears in running, 
its Diftance from the North Pole muft vifibly 
increafei till upon that Point it becomes 
i06^ 19' 4i'U from thence decreaiing again till 
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it returns to the Firji Point o( Cancer. The fame 
nay be faid of all the other Fix^d Stars in this N^r- 
thern Hemifpherei excepting thofe within and 
near lYi^ArElic Circle^ which the Reader will find 
opon Calculation to be fubjed to more Altera- 
tions; and of t\\o(t oithtSombern^ with refpeft 
to the North Pole ; and the contrary of both the 
Northern and Southern^ with refpeft to the South 
Pole of the World. As every one may fee who 
will projeft the South Pole, and obferve the Va- 
riations of the Declinations of the FJx'd Stars, 
with refpeft to it. 

SchoLs. The Variation of Right Afcendon and 
Difiance from the Pole of the Fii^ Star in r might 
othcrwife have been had from the Triangle ep*>{.i 
in which are given» ^^ the Diftanceof the Two 
Poles of the Equator and the Ecliptic^ e . x • the 
Complement of the Starts Latitude, and ^ ^ ' x . the 
Difterence 'twixt its New acquir'd Longitude and 
that o( the Ftrft Point of Cancer : From whence we 
may have ^ . k . the Starts New Diftance from the 
Pole, and ep'U. the Stars New Right Afcenfion 
from the Firfi Point of Capricorn : And confequently 
the Variation of its Right Afcendon and Declina- 
tion in loo Years. After the fame manner with the 
fame Data we may get thofe of all the other 
Ftx^d Stars. And if we calculate them this and 
the former Way, and the Determinations agree 
we may fafely conclude that they are juft. By this 
Triangle the Right Afcenfion of the Flr/i Star \a 
Aries ^ in the beginning of 1711, is 25" 38' 55"; 
and its iVoytA^-w Declination 1 8' 19' i%". Which 
confirm the Determinations from the other Tri* 
angles. 

Schol. 4. The feeming Motion of the Fix*d Stars 
in Confequentia, or according to the Series of the 
SiffSi which arifcs from the Recefs of the Equi- 
miiial Points $0 Seconds Yearly^ is not a New 
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Difcovcry in Afirommy ^tho* it be flow better 
£x^d than ic was formerly as to irs DirtElhn and 
Annual Qjamity) buc the firft Sufpiciofi of ic ii 
at Icaft as Old as Hiffe^chm^%t\m^x For PtoUmj 
tells us Ctobis Mag. Conji, Lit* 7. Ci^af. I.) thae 
Hipparcbufy upon comparing his Obferoatipns about 
the Places of the ^x'rf j^^ri with thofe of Art- 
ftyllus and Timocharis^ fafpeded that at Icaft thoft 
near the Ecliptic did move from time to time in 
Conjequentiax And Ptelithy himfelf went farther; 
for, upon comparing his own Obfervatidnf with 
thofe of Hipparchus and others, he found himfelf 
neceffitated to affcrt that ail the Ftx^d Stars had 
this Motion ; and that in particular the DireSHsn 
of this Motion was in Circles Parallel to the Eclip^ 
tic i the ^antity being (as far as his Materials 
could inable him to judge) about 0^ D^^ef in 100 
Years. Albntegnius after him, from his own Oh- 
fervations upon Cor Leonis, compared with thofe 
made by Menelaus 78 j Years before upon the fame 
Star J makes the Fix' d Stars KO move according to 
the Series of the Signs One Degree in 66 Years. 
tJlugh Beigh afterwards allows them 70 Years to 
One Degree. And Utcr Aflronomers^ from com- 
paring the moft Ancient with Intermediate and 
Modefn Oifet-vationSy determine this apparent 
Motion of the Fix'd Stars to be Equable and Uni- 
form, in Circles Parallel to the Ecliptic^ and for 
Annual Qiiantity nearly the fame as is affignM 
them by Vlugh Beight Tycho Brake allowing them 
51 Seconds Yearly; and, to mention no more, 
the greateft Mafter of Aftronomy of the prefent 
Age, Mr. FJamfiead, precifcly yo Secctids. The 
Phy fical Reafon of the Annual Recefs of the Equi^ 
noSial Points, from whence this feemi^g Motion 
of the TTxVSr^rx proceeds, I have npt room to 
produce in this Place. Every one knows it who h 
fufHciently acquainted with Sir Ifaac Newtojfs 
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PrimiPiai towWch thofewhoare ignorant of ic 
muft be refcr'd : Or, to Dr. Gregor/s Afhnnmy, 
Lib. I. Prof, 6^ I fljall only obfenre farther 
ftcre, tbit for forte time the «ioft' Ancient jiftnf 
tiomri did oat belie*« this Apparent Annual Mo- 
rion of the Rx*d Sim Equstbte and Umform, and 
regalirly eontinned on from time to time; but 
that rather after fuch a Progrefs they return d 
badi again by the Way they went, to their old 
Places i and for the Sohaim of this Motion, they 
invented what they caU*d thcMwA SfbertyV^d 
that when they found their Error in this Wint 
they added i7f«A, to folve their Equable Con- 
tinucd Motion in Ctnfiquentia^ itc ButMROnv 
this Subjeft th<5 Reader may confult Kipkt^ 
Bpit. Aftromm. Cofernicum. Lib. VII. Pag.. j?od, 
907. &c. Edit. Lebtiis ai Danuiium. _ 

Schol J. In thc;5r/f Triangle rijftmadeUfe . 
of In the Ttrfi Scholium to this Prohlm, we have 
the Angle f «) », or its Alternate * »i », which the 
MffidiM p»ffiog thro* the Firft^ Star in Aries makes 
with the Effi/t'V: And if that Star had been the 
Mom, ot any other of the Planets, with the fame 
Data, it might have been got after the fame 
manner; and that not only for that Point, but 
for every Point of her Orbit, if her Theory is 
kttOiHrtt. And as the Angle T ® * '^^ g«t »" ^he 
preceding PfoHenty after the fame nwnner may ic 
ht had to every Point in the EVptic, and an- 
nexed to the tMes of the Sun% Right AfccnfioJK 
and DeclibatioW ; to it is frequently done. 
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Froblbm IIL 

Having the Right Afcvifion and Declination of Two 
Fix'd Stars, und the Diftanci of a Third, wbe* 
ther Fix'd Star or Planet, from each of them; 
to find out the Right Afcenfion land Declination of 
that fix'd SiSi,t or Planet- 

SOLUTlOlf. 

THERE are Three Cafes in this Problem : 
Firft^ when the Stat or Planet has more 
Jlight Ai'cenflon than either of thofe Stars from 
whence its Diftance is taken : Secondly^ when it 
falls betwixt them :, And, Tiirdfy^ when it has 
Lefs Right Afcenfion than either of them. 

Cafe !• If the Moon (for Inftance) has more 
Right Afcenfion than either of the Fix*d Stars from 
whence her Diftance is taken, then, in the Scheme 
'*I4« annexed, (i.) Let > rcprefent the Mon, whofe 
obferv'd Diftance is given at a determinate Time 
from ^ and ^ Two Ftx*d Stars^ whofe Diftances 
from the North Pole of the World ap and hp are 
given ; aq being fuppos'd the Equator^ and p its 
North Pole ; and their Right Afcenfions being gi« 
ven, the Difference of their Right Afcenfions ipa 
will be given alfo* Therefore in the Oblique- 
angl'd Triangle p ia; having^ t the Complement 
of the Declination of the Star at t, p a the Di- 
ftance. of the Star at ^ from the North Pole of the 
Wor]d»,and hp a the Difference of the Right Af- 
cenfions of the Two Stars; we may find out t a 
the Diftance of the Two Starsy and the Angle pha: 
Farther, in the Triangle ta^, having the Sides 
t > and /I )» the obferv'd Diftances of the Moon 
from the Stars at a and t ; and having got a h the 
Diftances of thofe Stars from each other^ we may 
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find oxxtab'i ; which fuhraS^d from a hf leaves 
fby known: And Laftlu in the Triangle tf >, 
having pb^ j])iand pi 9^ ^e may find out f^, 
the Imnfs Diftance from the North Pole of th« 
Worldy which if lefs than 90 Degrees the Comple-* 
ment to it is her Declination Nartb^ if greater the 
£xce(s is her Declination 5o»/i& ; and bp », the 
Additional Diflference of Right Afcenfion 'twixt 
the ^ar at b^ and the Mom at the Time of Ob* 
feriration* 

Cafe 2. If the Moon is *twixt the Two Stars^ 
{i.) Having got the Angle pba as before, with 
the Side a b ; and in the Triangle abT> having 
found out the Angle ab ^y adding that to^ ^ a we 
have^^t; and confequcmly may have/ 9, and 
bpT^ I which Laft added (as before) to the Right 
Afcenfion oib^ gives the Abons Right Afcen-- 
fion* 

Caff ip If. the Moon has lefs Right Afcenfion 
than either of the &/fri» {$.) Having got the An- 
gle fa b^ from pa^ pbi and apb given ; and in 
the Triangle ab j^^ having found out a > and the 
Angle bA >, that taken from/ a b gives us / ^ > : 
And having/ ii >, apinda >, we may have/ > 
the Diilance of the Moon from the Pole ; and ^ p > $ 
the DiHerence of the Right Afcenfions of the&^ 
at a and the MiH>n ; which9 in this Cafe, fubtraSled 
from the Right Afcenfion of the &ar at a leaves 
the Moon^s Right Afcenfion. 

ilE.I. 

Sebolium u If the Longitnde and Latitude of 
the Two RxU Stars had been given, inftead of 
their Right Afcenfion and Declination ; the Motais 
Longitude and Latitude might have been found i>y 
the fame Method in which we have direded how 
to find her Right Afcenfion and Declination ; As 
every one n^y fee in the Schemes referM to, if 
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%'zm\\ call p the ZVurrA Pole of the EcUftic^ tuA 
4eqj the Ecliptic itfelf. AjmI whereas, byreftfoa 
of the great Deofity of «the jhmofphere wbiob ixx- 
rounds our Earth m Comparifoa of the Xofimtely 
Fine Mthr^ which afcer (bme f&w Miles jGUs up 
thofe Inmenfe Spaces'cwixt us and tlie fix*d Sutrs^ 
the Rays x)fLigbtirom each Star are fo refraShd 
as to reprefent it at all Times foinetihiog neaser 
our y^tex than itadnaUy is; iwhen k is not op- 
on the Vertex itfelf ; and that the more, «th6iiear- 
er the Objeft to €he Ehrixfiu ; io that at JDbe Hati- 
KM itfelf a Star is rd^aSed (aocovding to 
Mr. Flam/kafsT^le of keJraBkm) 33' .00^'; at 
80 Degrees irom the Vmex 04' 35'^ ; at 70 De- 
^ees a' 14"; zt 60 Degrees 1' aj''^ at ]^.iSh^iei 
o' 58'^ i at 40 Degrees o' 40'' i andlromitbence about 
as many Seamds as it is iD^pwar from the P^kuk; 
hence it comes to pafs that the ctfirv^d Diftances 
of any Two Stars from each other^ 4X a Third Star 
or Planet are eontroEkd more or leTs, in Pro^ 
portion as they ar-e nearer to or more remote from 
the WariMti. Thus (in the Seeottd Scheme at 
Ftg. 34.) by reafooof t)^ RefraEUcns the ATopfi does 
not really appear at .her due Diftancevfcom the f^er* 
tex in the Point Ltmay but elevated more 4>r lefs, in 
Proportion to her Diftance from the ibriz^oa^ to«* 
i^rards a; the Vertex ; fo as to be feen^ for Inftance, 
in the Point c; and t^ Star at^ appears to be at 
d; making thereby dc the Apparent, or Obferv^A 
Diftance *tvixt the Meon and this Star lefs than 
> b their Real Diftance ; which, if not allowed for, 
muft corrupt the Rig>htAfceo(ion and Declination, 
Longirude and Latitude of the Mom at the time 
of Obfervatim ; and that the more, tJie nearer the 
Moon, or the Stars you obierve her from, or any, 
or all of 'em to the HoriMn. In order to remedy 
. this, the AfirommerS'h^ve deduc'd frort Obferuar 
tions, or otherwife, Tables of JRefraSi^ns- xo evjery 
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Degree of tine QuAdrmt from xkt VeruM^ (o tbaf 
haviag the Mam^s Af parent Hei^ghc at c you h^ve 
the Ji^aSm% ^hich ta&en from the Vi^le Alti- 
tude leaves her at the Poiat > ; and iiaviog th^ 
Appareat Height of the Star at 4» the Correfpon- 
4eiit AtfraSiitm taJtea from it leaves it at the Poioc 
i : Aad ^viog thefe, that is, in the Triangle 
vi ^ hzvitj^v^ zodv >, and the Angle iv i 
thek lii&P&Me <>f jtbitmutits zt^hc time oiObfir- 
viati€n^ vrhicb will bt taMgbthow to be had under 
the Headofriie/WiiarAiri'rfi^ibK/y you may haiie 
i > ^b^ iReal Diftance, the DiflSerence of 
wliich from cJ 'tWr A^arent or Ohfsrvd Di- 
:{laiicc is wjbat is <:aird (be CantraSiiou by R^a- 
iiiomt which when taken from Tables already 
made is ^adJed to the Apparent Diftance to give 
the Real* for this ^^Ho tlie Jftranomers make 
Tables .1^ ifevcral DiAaaces from tlie F^^^^ and 
to -as mai^ j^iAancesof the Stairs from each other 
as they Kave ufuatly occafion for ; jn order to be 
more 4^]|pe4cte in their Dedu&icns of the Places 
of either iSx'i &^/, the Mow^orsuay other of the 
fPianepSy from thefe Kinds of Obfervations. 

Sch$l. !• iSme^obferve the Akons Diilance from 
only Oo^'^^^^bofe /Right Afcen (ion and Decli- 
natiott are koou^n, a&d take their DiftereoGe of 
Right Aleeofions from their ObfervM Times of 
paffing over the Msridmnj we may eafily difcover 
the Moon^s Declination : .For (in vhe.Firfi Scheme 
at JR^- 34.) having (the Moons OhfirwU Diftancc 
from the Smr^t n,a > , and the DiHerence of their 
Right AfceUfions '/If ^, and the Starts Diftance 
from the Poje aip; m the Triangle a,f ) , we may 
•eafily difeoverf > the Complement of the Moons 
•Decltoation, and confequently the^DecIination ic- 
fclf. Orhavirtg the Mqoh^ Declination with the 
other Requiiites, at this time we may eafily Hnd 
out her Right Afcenfion: ^ And (0 for .any p^her 
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of the Planets. And whereas by reafon of the 
Moon$ fwifc Motion according to the Series of the 
Signsy Ihe muft alter her Right Afcenfion confide* 
rabiy in a fhort time, the Star which we take her 
Diftance from ought to be chofen as near her as 
we can, that the Variation of her Right Afcenfion 
may be as little as poilible from the time that the 
Star pafTes to her tranfiting the Meridian^ or from 
her paifing to that of the Star ; which muft be al- 
lowed for, accordingly as (he or the Star paiTes 
Firfi^ from her Mean Motions and Theory known. 
The other Planets move prodigioufly flower, fo 
that we are not fo much confined as to the Choice 
of (ingle .SV^rj wherewith to compare them : And 
as to either the Moon or any other of the Planets^ 
when we would difcover their Places by olferving 
their Diftances from (ingle Stars; the beft way is 
to take their Declination upon a Quadrant (ix'ki in 
the Plane of the Meridian of the Place we are in, 
when they come upon that Plane i and at the 
fame time their Di(tance from the Star we pitch 
ppon by a Sextant^ correfting that Obferv'd Di« 
(lance according to the Method deducible from 
the preceding Scholium, from whence we may 
have their Right Afcenfion at that Time; and 
from that and their Objetv^d Declination their 
Longitude and Latitude: Always taking care> 
according to their Altitude, to make proper Al- 
lowances for RefraSlions* 

SchoL ;. This and the two foregoing ProUensSj 
with the Solar Theory given, and the Latitude of 
the Place we are in, are the great Foundations 
the Aftronomers build upon in deducing the Right 
Afceafions and Declinations^ Longitudes and La^ 
titudesof all the /5x*^/ ^f^rx in the Heavens, and 
the TA^ori>x'of the Planets^ their Motions, Orbits, 
Periodical Times, Conjundions, Oppofitions, &^c. 
For having the Suns Theory we have its Place in 
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thfe Ecliptic CO any aflignable Time, and having 
chac we may have his Right Afcenfion coche fame 
Time ; and having the Suns Righc Afcetldon to 
to any Day at Noon^ that is when he is obferv'd 
to comtf upon our Meridian^ by a Qj^adrant or 
SemhCircle fixd in its Plane, if we have an exaft 
Equatorial Pendulum-Movement, or a good com- 
mon Clock, with a Table for the Redu&ion of 
Solar to Equatorial Time^ fet at that Time to the 
Hour of Twelve; and obferve the next Night 
when any Notable Pix*d Star comes to the Meri^ 
dian; the time elaps'd'twixt its Culmination and 
that of the Sun turn'd into Degrees and Minutes 
of Che Equator gives us the Difference of theiV 
Rj^ht Afcenfions, which added to the Suns Right 
A(cen(ion gives us that of the Obferv'd Star : Anfd 
after the fame manner may W€ have that of all 
the Stiars in the Firmament whidi appear above 
our Morixon : And having the Latitude of the 
Place we are in^ we have its Complement to 90 
Degrees^ the Elevation of the Equator above the 
HorixMi And having that, and the Meridional 
Altitude of any Star correfted by Allowance for 
RefroBiimSf we may have its Declination, and 
confequently its Diftance from the; I^orth Pole of 
the World; and from them its Longitude and La^^ 
titude : And after the fame manner may we get^ 
fo many Places of the Planets as will enable us 
to determine their Orbits. Or obferving the Right 
Afcenfions and Declinations of fpme of the Prin- 
cipalri?xi/ A^KJ after this manner, we may have 
thofe of the reft, and all the Planets in any Points 
of their Orbits, by obfiruing with a Sextant xhtlt 
Diftapces from fuch Fix*d Stars whofe Right Af- 
cenfions and Declinations are known ; and thenqe 
by the Method obferv'd in the Solution of the 
prefent Problem dedjuce their Right Afcenfions 
aod^Declinations^ Longitudes and Latitudes. The 

1 Inclination 



Digitized 



by Google 



y/ 



H4 TheUfeofthilPi^l^kn 

inclinatkn of the Planes of the Equator arid JEcfif- 

Wc may be had by ohferving the Mkridiwd 

Heights of the Sun for feveral Days before and 

lifter the Summer and tf^nter Solftifce^, by whfch 

. finding out his Grtateft and htt^ l9ktidiond 

. ^Heights, thb latter taken fterti iht former wU 

leave an Ai^ch i)«rhkh biflcSed x^ili gi«^fc Us the /l^ 

. xtiftation cftliore Plaries; antl that hal/ added to 

the Leaft M&rJidM Height of thfe vStof wW givk 

•tis the Elevation of thfe E^aior abdVfe ^hc Moth 

z^oTty the Coiriplembnt of ^hich to 5J0 13%g¥9ei h 

the Latitude of the Placfe ^hert Dur Ohprsmiw 

.tire made. 

• 54:*o/. 4. In ordteJ- th biiabte to gfct the Right 
Afcenfions bf the aRif^^ft^rj from thieir1Vtofi» 
^bverthc MeridinH^ ^fe muft i^V^ fittd oBt *he M- 
^midn-Litie t6 6ur Placi of OySft^AMtw*, ilk wder 
to /?x bbir rnftrninint by *rl«cH #t dbfervfe their 
' 't'ranfits in the Plane bf it. Aiid thfe ffthridSm' 
-tHrit is of fo gf6kt Uft ft JtJt^dboOkMO^imitiam, 
-that the ^iR-iitejhfrj havfeT^^ ^Painft to ih- 
Vfefttgatb^ the tttoft accurate" WiiyS By ^hteh >*c 
:itjay detfermfhe it: Of M flWfe Xr«cii *fyhft*c 
."thought of, i liio^ none fcafifet * mmt to le 
aepecidtd upon than this folWSWhg. HaVJn| k Ta- 
ble, or any bth^r PMne you ire fttiddfed to drftw 
-your mridm-tine upbil, fii'd tt th6 fAfStmhl 
'Plane, or one Parallel to it; Und it ^aitrd^ of 
•^Threeor Four Foot iliaa/y wHl ^duit«#^ add 
ferbvided With an Optichl Tt^e, in€ ftfe^^'c 
Sights; fofaftened fnitsCe*it*e to tbfe H*^ of 
'that Plane, ait that it mav tfetn upon difct Gfcm^e 
*^tb Xvhatever Pa^t of the P!iii6 (b tPhifeH fm fl&Il 
' iiave occafioh td mike tife of it ? • Ta*fe tf* {ibighc 
exaftly of afty Notabte i??^V 8te>- WWcfc Iflft edft- 
/'fiaerablc Norths Dtclinatfbni T^^ of ^Thrcc 
- Hours bcfg*ie it comes to th^ M&iUfak ; aiifl ilteiig 
^th'e Edge of your Huairtm iihkHi tdiidicithc 
* Plane 
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^lane dfaw a Litie co what Length yoa pleafc 
from the Centre of the Inftromenr, fo as that it 
fai^ coincide with the Plane of the Az^imtahCit^ 
Cle which the 5!t/ir is upon at this Time of Obfer^ 
Nation: After this StarMzt pafs'd the Meridmn^ 
watch i^hen it comes to the fame Height precifeiy 
which ^ou obftrv^d it to have before it came 
thither ; atid when you have found this out, draw a 
Lifie as before from the Fix'd Centre of your 
^adram iAohg thfc Edge of it which tofuches your 
Jfin-iiomat Platie, fo as that Lide coincide with 
the Plane of the Aidmuth-Circk which the Star is 
HOW upon : ttpoh thePointof I^tc^rftftion of thefe 
Two Litres, which is the fame with that where 
yon fia the Centre of your ^adtanty place one 
Point of your Compaffes ; and, opening them to 
what Diftance you pleafe, ftrike a Circle bifled- 
ing that Arch of it which is intercepted 'cwixc 
the Two Lides : A Line drawn from the Point of 
BilTeftion to the Centre of the Circle will be thd 
Meridian Line required. If we would ufe the Sun 
inftead of a Rxd Star, we mull oiferve him at a 
time when he alters Little or Nothing his Decli- 
nation in Four or Five Hours Time, otherwife our 
Determination will be faulty ; that is, at or near 
the Soiflices ; and the Summer Solftice is the beft^ 
becaufe then he alters his Altitude the mofl: in 
pailins TToiB one' fo^* anotber jTJ^ttmttfS i atMl conw* 
quently it is the ea(ieft to fiAd when he is pre<^ 
cifely at the fame Height, before and after he 
palfe^ the Meridian : Which is the reafon alfo why 
I chufe a Ftx'd Star with Northern Declination, 
in our Latitude, for this purpofe. And if we 
make ufe of the Sun^ we may accomplifh what 
we defire by erefting a Style perpendicular to our 
Harieumtal^lzne upon the Center of feveral Con-- 
centftcal Circles; and finding when and wher^ 
the Shadow of the Vertex of this «Sir//f touches the 
1 a <»)ir^.ttm« 
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Circumference of any one of thefe Concentrical 
Circles^ and drawing Lines from- the Centre to 
the Points of ContaS, and bifleaing the Arch in- 
tercepted 'twixt thofe Points ; a Line drawn from 
the Point of Bifleftion to the Centre vrill be the 
Meridian- Line^ required. This Procefs needs no 
Explication to any one who knows what we meao 
by the Meridian-Une : For when the.Skmor Star 
made ufe of are in the higheft Point of their Di- 
urnal Parallels^ they are upon the Meridian it* 
felf : And when they are on Points equally di- 
ftant from the HorizA>n on each Side ot the Me- 
ridiavtj the Meridian is in the Middle 'twist the 
jlzJmtahs which they then are upon : Which may 
confequently be eafily found in the Way now 
delivered. 
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SECT. 11. 

The Solution of fuch Problems refulting from the 
Diurnal Phaenomena^ as require our Knowledge 
cf the Latitude of the Place we are in, in order 
to determine them. 

Problem I. 

Having the SuhV Place in the Ecliptic^ and the 
ReBedion, or Declination of the Sun at that 
T^ime together with the Latitude of the Place we 
are in ; to find out the Time of his Rifing and 
Settings and the Let^h of the Day and Night i 
together with the Amplitude of the Rifing Sun 
from the Eaft and the Setting from the Weft ; 
and that of the Path of our Vertex in the Ho* 
rizon of the Difc. 

Solution upon the ProjeSlion. 

LE T thcfe Particulars be required to the pig, ^2. 
Latitude of Io»A», 51^ 32' 00" North. 
The Path of its Vertex in this Projefli* 
on is m a ny, m being the Place where 
the«Swi rifes, or the Vertex in its Diurnal Motion 
pai&s out of the Otfcure into the Illuminate Part 
of the JDi/cy thePlace where it is at Noon^znd n the 
Plac« where the Sun fets, or the Vertex pafles out of 
the Illuminate into the Obfcure Part of the Difc ; fo 
that monis the Diurnal, and nym the Nodur- 
tial Part of the Path of the Vemx of London. Ftrfiy 
therefore, for the time of the Suns Rifing and 
Setting, drc. If we can find the Value oinym^ 
we have the Length of the Night at London to 
this Place of the Sun^^ and confequenrly that of * 

I i the 
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the Day, and the Times of Sun-KiRng and Set- 
ting: And the Value of thait Arch may be found 
by projetting a Circle Parallel to the Ecliptic^ 
eaually diftaiat from its South Pole as the Parallel 
01 London is from the l^ortb Pole of the Globe ; 
according tothp pirefiicns of Prop. IV. S0. H. 
Cap* II* And if we lay a Ruler upon f and u 
preaching to the New projefi^d Circle, and marlf 
the Point where it interfefts that Circle, and like- 
wife upon p and vt reaching to the fame Circlef 
and mark the New Point of Interfeftipn ,• the 4*'^^ 
intercepted 'twixt thefe two Points meafored tipoo 
the Line of Chords of the SeSlor, open to the Ra- 
iius of the New pfojeded Circle, gives us what 
'fym mprcfefits : By Schof. and C^rt4l. i. ad Lem- 
pM II. SfH. Ill, Cap. IL which tnrnM imo Time 
gives'us the Lengh (X* the Night, the Comptcttent 
b( that to 14 Hour$ the Length of the Day, 
the Lt«gth of the Night blflfeacd cheTitoe of the 
^un-KiCwg, and deducing half the Length of the 
Night from 12 Hours we have the Time of Siwi- 
Bctting. The Amplitudi of the P^lh dt rfie Verua^ 
pf London in the Horizjon of the T>iSc^ which is 
here reprefented by « n or a w^ ma^y %e founZl ^dt 
t>y dlfcovering the Value of the Ardiesof a gv^ac 
Circle of the Sphftt which thefe repref<|Qt acoord- 
iBg to the Direaions of CmiU. ad ffop. I. «i0. ^. 
Cap. IL And for the Ampltmde of tb/^ Rtfiag-fiui 
from the £/V?rrit Az^imuth (and the oppofite Point 
lfl the Horfx^n \% his Setting Pf^fiem Amplitude) 

Sthe Triangle pm(B vft have the Side m O the 
iftaifceofthe5«j0 from thcyerfe:ic aibts Rifiag, 
jBirhich is a Quadrant of a f^ertical Circle; and 
firiking another great Cirelp thi^* the Points f 
%nd iw, and the Projeded Sotah Pole of the World, 
f be Angle intercepted 'cwixtthem, Vf%. /m®^ is 
fht A%4^nHth of the Ridug-jiar firem che Nonk: 
If) pf^fjftQ^ oat th^ Vatupof ^icb| tke Ci^- 
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cle mf being copipleacedj 4nd ^ Qu^drapt of it 
being taken aflffrom av on the Side o^^, which 
may be doxie ( ^fter t^viqg found its Inclination 
to the Plaae of th(? Projeftioin, by Cor?//. Prop. III. 
SeEl. IL C^. 11. and its Pole which falls within 
that Plane, by Lemma^l. S^. Hf.) by Coroll. i. 
Umma II. Seci. IIL G?^. II. And a Circle being 
I ftraok thro' ti^ Q!*94^(f!nf^l Ppjnt fQund^ the Point 
' ©, %od (a( ^U GrjB|)t' Circles of the Sphere muft 
cut the PU^nc of th? Projeftion in Two Oppgfice 
Points) its Oppofite Point ^; and it% Inclination to 
the fl^jpfl pf the P^pje^joa and Pole :$vichin that 
Planf b^it^ found; its Arch intercepted '(wixc 
the Quadtaf(tal Pqint found, and the Point 0, 
may ealily be meafiirVl by following the Diredions 
of C^n^ I . Umm II* S0. Ill C({p. II. And ha- 
ving fj^at^rch, prtljc V^luc of the Angle ^ m ©, 
«re fifv^ !i|hf Sm^ 4^imutb from the North, the 
pQinf^ejQ^t of which to 90 Decrees is his ^;iiy>/f* 
tu4ehom t^ieJB^. fe£•i^ 

S^rf^KO^etrifal S p l u t i o n. 

IN tfec Tri^^pgld »fl« Right-angrd at- k ^jye 
hj^ve j»/ tlje piltaBce of the Pol6 from the f^er- 
$e^ 3V .18' qp'' i ^ K= ® ^, !;• 32' ^i" ; and 
fli;^ VAPI Wf » the Angle which the Proper Merh 
i^ jp^^s ,]^it|f th^t iivHcbpaflfes thro the F^« 
iMF 9ffy^'^\^f^ii ^hich turn'd into Time ^ives . 
^s^^ Tiv^^ i^ovf^ i4id°islit when the 5»ii rifes ; 
m^ mhigh is c^U'd thp Afnplitude of the P^r^ of 
*JlP #'i«««f ^ i^W^ iP ?hc £fcrjj2,a» of the Dz/c; 
:*wi f jm.^ .the j^p's .^n^pfitujle \qm' the ^^y? at 
}ti|ii; tip3$. ^jji ^|iifh J^re got biy tlip fpl^owirig 

S*.fm:T.pji::Jli:c.S.ntpH. 
c^S.p K; cS.p m:: R: cS. m K 
S. pm: R:: 5- /K; SpmK 

I 4 7. ^ w; 
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Tptn: Z%\ 28\ po'/. p. 9cx>o85— 
Tl^.K:: 15. 32. 31. 19' 4442-11 

/I: c.S.mf^* ^9' 30* 34- i^* 544^35 

r .: ts) ^9f Zo. 34. (4.^, 58' oz" 

J^- 30. 34- 

e.S.p^: 1$\ 3^-. 31". ip. 983821— 
f.S.^^r;: 3^. ^8. 00. 19. 893745 
/I:; c.S.mH. 3J. 38. 37, 9. 90992J 

^.^w: 38*. 28'. 00". 9- 79383* — 
H:; iS^K/ 15. 32, 31. 19. 42^43 
S,pm1k 25. 30. 51. 9, 634212^ 

So that the Angle ^t the Pole which the Proper 
J^eridian makes with the Hour- Circle of Stof 
Rifing is 69"" 30' 34", whjch turp'd into Time is 
4* 38' o?"; at which Timehp rifestous at Loh- 
Jon when he is in this Point of the Ecliptic V-and 
confequently he fets then at y^ 21' 58''; the 
Length of the Day being 14^ 43' 56'' ; and that 
p{ the ^fight 9^ i6' o^[\ And from, the Secwd 
Calculation it appears that the Amplitude of the 
Path of London in the Horixjon , of the Difc Vi 
^t this Time, 35' 38' 27": From the TA/r^/Pro- 
jedion we find the Suti^ Amplitude from the Eafl^ 
US® 3P' 51'',- which in the Points of the Con^afs 
is £. N. E. Q3' 00' 51", Eafierly. Or the time 
pf the Sun^s Rising, c^r. and his Axdmutb may be 
bad in the Obliqiie-angl'd Triangle pm; in 
which ®^ m is the Hour^ Angle from iSm-Rifing 
%o Ifom^ and mp the Azimuth of the Rifing 
Sun from the iVbr/A Point of the Horizm : For in 
{this Cafe wis have three Sides, 0^ the Sunh 
Piftaffc* from jthe pole, 74* 2/ 29'^ P^ 
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58* 28' 00'' ; and m © the Suns Diftance from 
the Vertex when he rifes, 90 Degrees. And for 
<S> pm and mpy by the laft Cafe fave ode of 
Oblique-angrd Spherical Triangles, the Propor- 
tion is as follows « 

RcS.pm:: 38^ 28'. 00". 9, 7P38317 
&p®' 74* ^7. ;i9. 9. 9838222 

m®' 90* CO. GO* 



9. 7776SJ9 

Sufff. 202, 55. 29. O. 2223461 

S.fSum 10 1, 27. 44 1. 9.99^^5^^ 
S. Rem. II. 27* 44 f 9- 298^?Qf 

19. 511847^ 

^.51t»f^g... 55'. i4'*44" 9-755S>»3<S 
mp® •• no. 29. 28 

i5*) no. 29. 28. C7* %V^%" fere' 
roy. 00. 00. 12, 00. 00. 

5. 29. 28. 4. 38. OX. 

R.'S.pm:: ^ 38*. 28'. 00". 9. 7938317 
5.111®^ 90. oo* 00. 10. 0000000 , 

p®. 74' ^7> 29. 9.7938317 

2. 202. 55. 29. o. 2061683 
&i Z. loi. 27. 44r. 9* 9912506 
^S.X^^ 27. 00. I5r. 9* 6571107 

C.S.I® ^f- Sa'-H'.Jj" 9. 9272<J48 
©»f^. 64. 29. lb. 

25. 30. ?!.+ 

90. 00. 01. 

From which we $nd that according to this 
Calculation the Sm at Noon is f 2 1' j8" from the 

Rifiag; 
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Rifiog; Ofj which i« Oha fftin^ thuig, rff^s at 

ite MftA is 64^ z9' i^\ ma^i^ his Amfktuii 
irimthe £^ a|^ jp' 50"; which. by the fftrwer 
Calculus was but one &coif J morf j msc« ^s"" BQ- $ i -^ 

Scholium u A&ftrth^ (Jimf ipaim^r that we fiad 
out the TiflfMi^ when thp Sun rifes and fets, the 
Length of ^ D^^, agd the J^muj^ks which he 
rifes ao4 i^^tfri^nm this Pfso^/eii^ frpm his Place 
in the M^^ifi %ncj Deciipatioq ^nowp ) wf may 
difcover fh#<joMt«ttance of any Fix^d Star above 
the Hcrig^Mj its Tim(( of Rifing and S^^cing^ ajtd 
the ^z.iVffiir^- which it ri(b$ and fets ypon, ha* 
vtQ| itsJ^Kight A^pcpfi^ii and Decli^tjon given. 
For the Difference ofits Right Afcenfton, and that 
of the 5kMiCQaiQUlsd iota Time, tells us when it 
comes upoa «h« Aft^diau ; ao4.haying its Declina- 
tion we have, what is eqjual to it, the RefieStion; 
and theraffM(«<i(| a RightnaoglM ^riai^ie, for Jn- 
ftance, ^nan, ch^i SidnfJt, fi^ and iha. Angle 
at N ; fcbpi :wbftnc^ wi; m^y ea(ijy fit^ >f p m the 
Complement to 180 B^m ^ half the Time it 
is above ihe Hmzon; vAdch {akin from 180 
leaves an Ardh which tup^VI ipto Time lets us 
know how tRany Hours before it comes to the 
Meridian \t rifi^ ^r appears above the Horizon ; 
and / m^ '^$ Jjipi^ttd$^ttont the ^aft. Af|4 j^^^^ 
the lame manner may vj/jo Jkoo^ whep^j^i|4<>Poii 
what Point it fets. 

Schol. 2. Befides the w^ of-fiading out theLar 
titudeof the Place we ape in, taken notice of in 
the Third Sgbolium to thepr^ceding Problem^ there 
are fever^} o];her ways of determining it, eidier 
by Calculation or Olfervatiimf to be met with 
»mongft the Aftrommical Writers* To do it by 
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Obforvation is die beft ; aod perhaps there is ao 
vfzy of inveftigaciDg it by Otfervatim, in Places 
of confidcrable Latitude, leTs liable to Exceptiooi 
than this followiag. Having an Arch of a Circlt 
oiFive or Su^ Eoot Hadius^ of near iSqC^^/i 
Rightly graduated^ and duely itx'd in the PlaA# 
of the Mmdiimj provided with TeJefcopk Sights 
and all 4>th$r RequHite^; if we otferve the greateft 
Altitude efa Ftx'd Siar near the Nntb Pole ol 
the World when it comes upon the Atoridian^ iq 
the beginning of a long Winter-Evening ; and 
wait till after ii Hours time it comes upon 
the Meridian again, and then okfirve its lea ft il^ri* 
dtlMMi/ Altitude, fndcotrafl both thefe Altitudee 
%kfmv^d by OMkiog due AUowMces for Rfifr/i^ 
pm; half the Difiereace of tiiefe Otftn/d Math 
dimuA Altitudes added to the leflfer will give u$ 
the Elevicton ef the thrA Pdle of the Worl4 
al»Di«« the H^kum ; or (which is £qu4l to it) th^ 
Latitude of the Place where we make our Obfer- 
vatioQ: Its Complement to 90 D^rees^ being ' - 
the Height of the E^uatay in thit Latitude* Tiie 
reafen of which is plain to any one who ha^ in the 
leaft dipt into Afltfommkal Matters: For as the 
Sum aad fix*d States feem to mei'ie round the 
EAr$h in 24 Hours time ip Grcles parallel to the 
JS^hiMk, and eonfequentl}^ which have th? fame 
#o}es with ir ; by reafoa of the real Circumroc^- 
tion of the E(ty$h upon the jtxis of the Equator 
in that Space of Time; confequently the Qkferv^d 
PSx'd Star muft feem to move thro' its Parallel 
in that Time; and being fo near the North Po\c 
as in its whole Circuit to keep above the Hori%on^ . 
it muft be feen twice upon the Meridian^ once io 
viuch above the Pole and the other time fo much 
below ity as it isdiftant from it ; half therefore . 
'of the DiflferenGe 'twtxt thefe Two Mfridtonal AJ- 
fltodes is its Diftan^e from the Pole^wtiiph ^dod 
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to its lead Meridional Altitude muft give usr the 
Height of ^he Pole itfelF. In the Choice of our 
Stars foy which to make Oifervations of this kind 
we (hould always pitch upon fuch as are neareft 
the Pole, when they can be had; becaufe they 
will be found the higheft in the leaft Meridional 
Altitudes, and confequencly our Oifervations wiU 
be lefs liable to be corrupt^ by RefraEhons. And 
whereas this mechod wiU not do with thofe who 
have not confiderable either North or South La- 
ritude, they muft take that roention'd in the 
End of the Third Scholium to the preceding Pro^ 
Hem : Or they may ^nd out the Latitude of the 
Place they are in, by otferving the Meridional 
Height of any Rx'd Star whofe Declination is 
known. For if that Star has Northern Declinati- 
on, and to the Vertex of the Obferver comes up- 
on the South Part of the Meridian^ then its De- 
clination ^tf^ii^^i from its il^/W/oM/ Height 
leaves the Height of the Equator, which taken from 
90 Degrees leaves the North Latitude of the Place : 
If it has Southern Declination, and appears on the 
fame Part of the Meridian, then that Declination 
added to its Meridional Htight gives the Height 
of tht Equator 'j which if it is lefs than 90 De- 
grees its Complement to a Quadrant is the Lati- 
tude North; if more, 'the Excefs above 90 Z>^mj 
IS the Latitude South. If that &ar has Southern 
Declination, and to the Vertex of the Obferver 
comes upon the North Pzxt d xht Meridian, then 
its Declination fubtroBed from its Meridional 
Height leaves the Height of the Equator^ which 
taken from 90 Degrees leaves che South Latitude 
of the Place : If it has Northern^ and appears 
upon the fame Part of the Meridian^ then that 
Declination added to its Meridional Height gives 
the Height of the Equator, which if it is lefs 
than 90 D^rees its Coipplemcnt to a Qmdrant 
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isthcLatitttde jiwtA; ifmore, the Excefs above 
90 Degrees is the Latitude North, And the fame 
holds u'hen the Latitudes of Places are taken 
from Obfervd Meridional Heights of the Sun* By 
the Height of the Equator when above 90 Degrees 
(as it can never be really above 90 Degrees ele- 
vated above the HorizAfn) the Reader muft fee 
that I mean its Diftance from the North and South 
Points of the Meridian where that Circle inter- 
feftsthe Horizon. 

Problbm U. 

The SunV Diftance from the Pokf the Latitude of 
the Place we are in^ md the Time from Noon 
vihen we require his Height and Azimuth beit^ 
given ; to find out his Diftance from the Vertex, 
and Azioiuth at that time. 

Solution upon the ProjeStion. 

Y E T the Sun*s Place (and confequently his Di- '«• i^ 
1 ^ ftance firom the Pole) and the Latitude of the 
Place we are in, be as in the preceding Problem ; 
and let his Azimuth and Diftance from the Ver-^ 
tex be required at Six in the Morning : 'Tis plain 
that dp (S> being the Prof er Meridian^ J p ^ zt 
Right Angles to it muft be the Hour-Circle 
of &'x in the Morning and Evening; and the Sun 
rifing when the J^^x comes at m, at Six-a-Ctock 
in the Morning it muft beatu; and if we ftrike 
a Circle thro* 0^ u^ and d^ it will be the Vertical 
Circle paffing thro' the Sm at that time ; vi%. 
d u ®j of which u a^ is the Diftance of the Sun 
from the ^Atm: And having the Centre of this 
Mew Cfrcle we may have its Inclination to the 
Plane of the Projedion, by Coroff. Prop. IIL 
SeB. IL Cap. H. and confequently its Pole which 
falls within that Plane, by Lemma h SeB. III. 

Cap. II. 
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Cap. U. From whence we may difcover the Value 
otfi», ti^ Sun\ Diftancd frotn the Vertex at 
thi^ tirxie: By Coroff. i. Lenimalt SeSlAU. Cap. 11 
And foTthfc Angle p u ®, which is thfe Axdmuthd 
the Stm from the iVfr^A at this Tirfie, cutting off 
aptojtfted Qeiadrant from rf« ®, frofh «thfo* ^ 
in that CiHrle continoed as far as requifite, by 
terMl. 1- Ufnma H. .Sipff. III. Cap. II. and ano- 
th^ froA jj^/i from w thro' p towards./^ by the | 
fame : A Circle (truck thro* thofc New Quadratic i 
tal Points, and a Third from u to the contrary 
Side in either .of the Prcfjeded Circles du Q or 
fug (as all great Circles of the Sphere cut each 
other at ik Semi*Circle'$ Diftaoce; ^il! be the Cir- 
cle in which the Angle p u ® is to be tiie^fured ^ 
iind (6 Amch bf it as is intercepted ^wi^t the Two 
Quadraijtal Poibt^ frfft found litritl meafure that 
Angle: And having the Centre of that Circle 
we can have its Inclination to the Plane of the 
Projedion ; atid drawing a Lifte thfo^ tliat Centre 
and that of the Projeftipa to its Circiimferefioe, we 
may find its f^ple wittiib the Plane of the Pi^*" 
jeftiori^ iiod hiving tha^ we can difcover hd*r 
mueh the Arch or the New Circle intercepted 
^twixt the iTwo tvirft t^tiadfantal Points anfwers 
to in the ilcliptic: That is, the VaJue bf the An- 
gle /» $, the Az^imuih of the Sun from die Nertk 
at Six in the Moruiag. 

Txigommetrkal $ o x v t i^ t^. . 

TniSProUem is with as little Trooble, and 
more Accuracy fotv*d by Trif(m»mari^iU 
Calculation : f(^r in the Triangle (S>f^ Rigbc* 
aogrd at j^ becaufe the ^mxat u moves S'x 
Hours fii Time, or ^6 Deprees (r^ D^w in the 
Efuiuor aafv ering to an Hodr of Time} CQ come 
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to • vfenit il updB die Abndkm ; ba^itag p ^, 
and ^iKi ^eitaay eafily find om ii ^ and j»i^ ^^ 
b; the fetlowing Poporfitms i 

' A:c.S.f(^:: c*S.uf:f.S^ «^0w 

A »^; 38*. !«'. ©o^ 9,^^831— 
Hf : T.JP©. 74- *7' *P- to* yn>77^ 
Ifu®. 80. ti» 05. lo. 7VI94< 

H : f .5./ : : 74*. 27'. 2p'\ 9. 428044 
cJS,fM: 38. 2]B. 00. 9. 8p374y 

cSu®' 77* 53- ^4- 9- 3*1789 

So that tde A^'s JDiftaoM from tbe t^rtm at 
this tinie IS 77* ^t 24'' ,• and his Axinmb from 
the i^m/^^O* I1' o;'': And con/equencly his 
Height is 12*06' j^^'i M^hh Amplitude from 
the Eaft9<^ 48' 55"} th4t i% l^ 26' oy" left than 
one Point of the Comfafs, that being 11* ij" 00'', 

Stkhim. If it bad btfM l-equirM to difcOvbr 
iit vhlit titne k^ the Mof fribg^ atid at what Height 
df the SUi^y hb ii upota the Prim Pirrk^, or ^t 
£d/( Poiht ; then, a Oteirt Git^Ie t>affing thr6* the 
Veriifx and tht Fo*, foppofe */, and attofthfcr 
tbrb' thte P^frtlf* und the Sun^ ^t^poXt »^, tut- 
ting each ^thet* 4t Right- Angled in the Point «i, 
Ifas the^^)byt£ ahd £a^ Pbfbt^ att at a i^adran- 
tal Biftantb frtm. isach i^theih in the tkrtton^ of 
l^fardi the )%i#x 6f our fMttit is ifie Ft>le) we 
tnaytaiity find in ifhb THangM Hp(^ fupt>c(bd 
Ktght^to^^l at u, the Afagte i»> <S) the time 
' betot^N^ito irhenthe ibl» is ^Arv £^; and the 

Side 
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Side u © bis Diftance from the Vmexy the Cojd- 
plemenc of which to 90 Degrees i$ his Alttcade at 
that time, by the following Proporttoos: 

t*pQ>: T. pu:i R^. c.S. up®. 
cS.pu: R : ; C'S.p®: c.S. u (gj. 

T.p « : 74^ 2f. t^-. 10. y J J772-. 
T.pu: : 38.. 28* op. 19. pooo8 tf 
/I : ci". »^ ©. 77. 14. oy. 9.. 3442^4 
15; 77- H- oy. (5'.o8'.y5"^ 
7y. . . > .12* oo.- oo, 

2. 14- oj. tf. yi. 03 f 

c.S.pui 38*. 28'. 00". 9. 8p374y — 
R::e.S.p(S>: 74. ^7. ap. ip. 42804 4 

^.5.i;r<S). ^P- yp. 18; p. y342pp 
po. 00. 00. 

• I Tt If 

20« 00. 42. 

So that the Sm is SuEafi at 6^ yi' 03'' <f m 
the Aloraing; being diflant from the Vertix 
69^ yp' i8'\ and confequently 20* 00' 42" high. 
Or thefe may be found out upon the Projedion 
by any one whd underftancls the Sohition upon 
the Proje&ion of the Problem to which this Scho- 
lium is annexed: Andm like manner may. wc find 
out the Srnis AzAmuth and £>iftance jhrooi the 
Vertex to any time afligQabte ; or at what Time 
and Height he will appear upon any aflSgnable 
Azimuth* After the iame manner alfe, having 
the Right AfcenHon and Declination of a Pix'd 
Star^ we may anfwer any of thefe Quefiions 
with relation to it : For having the Difference of 
Right Afcenfion 'twixt it and the Sun^ that con- 
verted into Timp tells us when it ihall come up- 
on the Meridian^ and knowing tbat^ and its De- 
clination^ 
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dination, and Diftance from the Meridian; we 
may eatily find its AzJmah and Diftance from 
thep^ertex: Or if it has Eaftern Amplitude at its 
Rifing, we may eafily difcovcr at what Time, 
and Diftance from the Vertex, it is due Eaft, 

Problem Illf ' 

Having the Sun'j Declination from the Equator ^ the 
Latitude of the Place we are in^ and his Diftance 
from the Vertex ty Obfervation ; to find out the 
Time of the Day when that Obfervation was made, 
and the Azimuth the Sun was then ufon. 

Solution ufon the ProjeSlion. * 

LET the Sun's Obferv'd Diftance from the 
Vertex be 46* lo' 40"; and the former Data 
as before : Ftrft^ for the Projefton of the Tri- 
angle upon which this Problem \s(QWi; we have 
the Side ^ already, and we want to projeft vp 
andv©: ForvO ifwe continue ^^0 as far as ^. 
.requifite for a Line of Meafures in which to find '^' ^^* 
thc^Centre of a leflcr Circle of the Sphere Paral- 
lel tothe/&r/iL()» ofthe D//creprefcnted by/^^, 
or Perpendicular to the Plane of the ProjcSion, 
diftant from its Pole a6* 10' 40" ,• and projeft 
that Circle according to the Direftions of Prop* II. 
SeH. II. Cap* il. it will cut the Path of the Vertex 
in the Point v thro* which the Circle du % paffes 
making the Arch v © reprcfent 46* lo' 40'' of that 
Circle when drawn thro'thofe Tbree Points ; as all 
Parallel Circles cut off Arches of the Great Circles 
which pafs thro' their Poles Equal to their own 
Diftances from^hofe Poles, and confequenrly their 
Reprefcnratives muft do fo by the Reprefencatives 
of thofe Great Circles: And for the Side /» xi we 
K have 
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have the Points /^ and -v, and the projeded St^uth 
Pole of the World by which to projea it. And, 
Secondly'^ having projeded the;^TriaEigle ; we may 
find out the Az^imutb from xhtisforth p v ®j and 
the Angle v p ® the Time from Noon when the 
Sun is 46" 10' 40" from the p^ertex ^ after the 
fame manner that we find out/ 1; © in the Solu- 
tion of the preceding Problem. 

N. J8. I do not complete this and fome other 
Triangles, becaufe it wbuM pccafiop Confufion in 
the Projeftion; but the Reader froin what is faid, 
may eafily fee how it wuft be dpP9 ; %nd either 
fupply it in his own Mind, or draw what Circles 
are to be fupply'd in a feparace Projeaion upon 
the fame Plane. Q: E.R 

trigonometrical Solution. 

BY Trigonometrical Calculus^ in the Triangk 
fv®y having the Three Sides we may eafily 
find the Angle vf ©, the Time from Nmn when 
the Sun is 46* 10' 40" from the Vertex^ and 
fv® his Az,imuth from the North at that time, 
viz.. by the Eleventh Cafe of Oblique-angled Sphe- 
rical Triangles : In which we make ufe of the 
following Proportions : 

R: S.pv— 38^28^ oo^ 9. 793^3^7 

S.p © = 74. 27. 29. 9. 98^822 1 

V®: 4^, TO. 40 . 9. 111^51^ 

2. 159. 06. 09. o. 22234^2 

SkZ. 79. 33. 0+.t 9- 9927378 

S.X*'' 33. 22. 24.7 9. 74Q43<^8 

19. 95yy2o8 

t.S. -TVpQ. I8^ 10'. 49''. 9. 9jjj6o^ 

Vf ®. 35. 2 1. 38. 

15^} 3(5. 21. 38. Oh. 25'. 26"— 

50. 00. 00. 12. 00. 00. 

6. 21. 38. p. 34."l4l 
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JL:S.pv=: 38*.28'. oo" 
S.v(S>,:, 4^* 10* 40. 
^0. 74, gy. 29. 
2. 159. o5. op. 
•y.rZ. 7P- 33. 04t. 
i'.AT^'. y. 05. 35t 



9. 793^317 
9. 858231J 



9. 6520630 

o. 3479370 

9. 9927378 

8. 9482954 

19. 2889702 

r.^.f/'i'®. 63*. 49^. 46". 9. (J444851 

^'z; ©• 127. 39. 32. 

iiM; 127. 39. 33. fIIP^^ . . .4- 

03^ jV- 32". 

So that the Sun is 46** 10' 40" from the Verte^^ 
or 43^ 49' 20" in a Vertical Circle above the //b- 
riz^n at 9^ 3j^' 34" in the Morning being then 
II Points ot the Compafs, and 03** 54' 3^" 
from the Njrth^ counting round by the Eafl. 
Or" he is at the lame Height, or Diftance from 
the Vertex (i( the Obfervation is made in the 
Afternoon) at 2** 25' 26" in the Afternoon ; be- 
ing then II Points of the Compafs, and 030 54' 
32'' from the Norths counting round by the IVefli 
Or, in the former Cafe S.E. by E. of 54' 32" 
Southerly: In the Latter, S. W. by PV. andoj* 
54' 32" Southerly. 

Q. E. I. 

Schol. I. From this Problem we arc inabled to 
regulate any Movement by the Sun at any time 
of the Day, without (laying till he comes to the 
Meridian. For obferving by 4 large Quadrant 
his Height at any time ; and correding chat Vi- 
fibU Height by a due Allowance for his Parallax 
and Re/raSiions; and noting the Hour, Minute^ 
and Second when our Obfervation was made, upoq 
the Movement we are about to rcj^ulate ; if we 
calculate the true Time of our Obfervation (rom 
K 2 that 
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that Height, the Latitude of the Place we are in^ 
and the Sun^s Declination giveir^ or rather the 
Complements of thoCc T}!iTet to Sfo -Degrees ; the 
Difference 'twixt that and the Time pointed out 
by our Movement at the Moment of Obfervation, 
will ihew us how mi|ch our Chck is before or be- 
hind the Solar or Appareqt Time : Which is ne- 
ceffary to \)C known in AJlrommical Obfervations 
of all Kinds; and without which we cannot com- 
pare ohfervd with prediEled Eclipfes^ Planets-Pla- 
ces, &c. in order to Examine the Orbits, Periodi- 
cal Times, &c. already affign'd 'era by the jiftro- 
noffiersy and to corred *em if they are found in 
any refpeft amifs. 

Schol. 2. With the fame Data we may alfo de- 
rive the Time of the Night from any obfervM 
Fix^dStar whofe Right Akenfion and Declination 
are known ; together with the Azimuth that Star 
IS then upon. For obferving itsDiftance from the 
Vertex at the Timp, and having from its Declina- 
tion its Diltance from the North Pole, and the 
Complement of the Latitude of the Place we are 
in, we have Three Sides of fuch a Triangle as 
f v®> and confequently may find the Angle p u® 
f he Stars Ax^imuth from the North at the Time of 
Obfervation^ and up® which turned into Time 
tells us how long it will be ere this Star comes 
upon the AfmW/^i?, if it is on the £^y?^«Side of 
it, or how long it has pafs'^l it if on the IVefiern* 
And hayiuR the Right Afcenfion of the Sun at 
this time ifit is Lefs than that of the Star, then 
fubtraBwg it from the Starh Right Afcenfion the 
RefiJue turned into Time tells us at what Difiance 
from Noon the Star comes upon the Meridian: 
From which the Angle found turn*d into Time 
z\(ofubtraBedj if the Star is on the Eaji Side of the 
Alendran, tht'Re/:due gives us the true Time when 
^^c obferv'd the Starts Altitude i or adding it if the 

&ar 
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Star is on the IVeftern Side, the Sum gixts US fho 
Time of OlferyatioK. If the Right Afcenfion of the 
Sun is greater t(ian jhat of the Fix^d Star^ then to 
the Star's Right Afcenfion niufl be added 360^ and 
froai that S^m taking the Sta/s Right Afcenfion^ 
the Remainder turo'd into Time tells us the Time 
from Noiin when the Star comes upon the Meridian, 
and the Angle found taken from, or added to« that 
Time (accordingly as the Star is on the Eaflern of 
Weflem Side of the Meridian) gives us the Time o£ 
Obfervation* And whereas we cannot have the 
Right Afcenfion of the Sun from any Tables precife- 
ly to the Time of Obfervation^ becaufe that Time is 
fuppos'd unknown^and what we are inveiligating ; 
if we take it to the preceding Noony having his 
Place in the Ecliptic at that time, and by the Addi- 
tions of his Horary Motions to that Place for as 
many Hours as are pafs'd ^twixt Noon and the Time 
of olfervation, which our Movements will tell us 
with fufficient Accuracy for our prefent purpofcf 
finding out his Place in the Ecliptic at the Time of 
Obfervation, we may thence deduce the Right Af- 
cenHon of the Sun to the Time o( Obfervation by the 
Procefs in the Firfl Problem in the preceding Se£li- 
on. And thus finding out the Time of the 
Nighty we may reftify our Clocks for any manner 
oi AflronomicalObfervations ; as thofe of the Planets 
Tranfits over the Meridian, or obferv*d Di- 
ftanccsfrom any Fix* d Stars y the Occultations of 
any Fix'd Stars by the Moony Lunar Eclipfes, 
Eclipfes of the StateBites of Jupiter, and the like. 
We may alfo find out the Difference of Right 
Afcenfion of the Sun and any Fix'dStar by which 
we defign to regulate our Movements, by fttting 
an Equatorial Clock to the Point of Twelvey when 
the Sun's Centre is obferv*d to pafs the Meridian ; 
and the Time elaps'd 'twixt its Tranfit over the 
Meridiany and that of the Fix^d Star by which we 

K 3 make 
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make our Obfervation'wxWgivt us their Difference 
of Right Afcenfion ; Qr the fame ma||(be done by 
a Common Clocks making due . AUowaoce for the 
Difference *twixt Solar and Equatoriat Hours for 
that Time, which is had from Tables framM by 
the Aflronomers for that purpofe. 

SchoL 3. As We have occa(ion, in deducing 
Right Afcenfions of the Fix^d Stars ov Planets^ 
from comparing their Tranfits over the Meridian 
one with another or with that of the 5««, to turn 
Solar »into Equatorial Time j the Difference of 
Right Afcenfion 'twixt any Two Phanomena be- 
ing always meafurM by an Arch of the Equator^ 
intercepted 'twixt Two Great Circles paffing thro' 
thofe Phanomena SLud the two Poles of the World, 
and that Arch being difcoverable by the Equate^ 
rial Time which pafTes 'twixt the Two Tranfitsj 
and the Equatorial Time being generally to be de- 
duced from the Solar according to which our Move- 
ments are moft frequently kept i it may not be a- 
mifs to give fome Account here of the Ditference 
*twixt &lar and Equatorial Hours, and to (hew 
how from the one we may deduce the other on any 
Day of the Year, or in any Point of the EartJjs 
Orbit. Now an Equatorial Day is that Space of 
Time which the Earth takes up in one complete 
Revolution upon its own Axis: and a Solar Day 
is that Space of Time which paffes 'twixt the 
Moment when the Centre of the Sun leaves our 
Meridian, and that at which it comes upon it 
again. And whereas, by reafon of the Earthh 
Annual Motion, the Sun feems from Day to Day 
to move forward in the Ecliptic according to the 
Series of the Signs, nearly One Degree^ but fome* 
times more fometimes lefs, according to the 
Place he \s in in the Ecliptic ; 'tis plain that a Solar 
muft be fo much longer than an Equatorial Day 
at any time affignable> as is the Arch of the 

Equator 
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Equator wJMch the Earth in its Circumrotation 
upon its 6wn Axis maft, run, after a full iE^rw/i- 
^(>r/tf/ RevoJucion, to overtake the Sun in that 
Day's Annual Motion. Thus (% 32.) let the 
Sun be at X upon our Meridian, px h being the 
proper Meridian to this Place of the Sun, and 6, 
that Point of the Equator which is upon the Me^ 
vidian this Day at Solar Noon : When the Earth has 
made one complete Revolution upon its own 
AxiS't fothat the Point ft is upon this Meridian 
again, there has pafs'd a Complete Equatorial 
Day ; but during this Space of Time the Sun has 
feem^d to move in its Annual Orbit, according to 
the Series of the Signs, from x (iov Inftance^ to 
© i fo that before he comes upon the Meridian, 
or ^ Solar Day is completed, the Point ft in the 
Equator muft move on from ft to^j or the A/m- 
dian / X ft muft become (or come into the Place 
of) ^ ® ^- The Portion therefore of the Equator 
ft a (which is apparently nothing elfe but the 
Difference of the Suns Right Afcenfion this Day 
and the next at Noon, and may be had from his 
Place in the Ecliptic at both times, according to 
the Procefs of Prc^. L SeSi, I. 9:) turn'd into Time 
tells us how much the Solar exceeds the Equatorial 
Day to this Place of the Sun : And if we add that 
Excefs to 24 Equatorial Hours, and divide the 
Sumhy 24, the Qjmient will tell us how much a 
Solar exceeds an Equatorial Hour at this Time : 
And then, knowing the Difference of Solar Time 
'twixtthe Jranfits of the Sun (for Inflance) and 
any Fix^d Star over the Meridian^ we may eafily 
reduce it to Equatorial Time; and thatturn'd in- 
to D^^re^j, Minutes and Seconds, will give us 
their Difference of Right Afcenfions. And where- 
as the Earth, in different Parts of its Annual Or- 
bit, moves in one Day thro' different Portions of 
the Ecliptic; Sometimes more, fometimes lefs, 
K 4 accor^ 
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accprdingly as it is nearer to qt more remote from 
its Perihelion Point, and its Motion is no T\vo 
Days precifely the fame^ but vhenitis in Places 
equally remote from that, or thf Aphelion; and 
the Sun muft feem ^ot do the fame ^ Whereas, far- 
ther, the Arches of Right Afcenfion in the Equa^ 
tor anfwering to Arches of the Earth^s Annual 
Motion in the Ecliptic ^ are di&rent in different 
Parts of the Earth^ Orbit : tet ftill it always 
holds that the Difference 'twixt the Right Afcen- 
fion of the Sun on one Day at Noon, and of the 
fame at the next Noon, turn'd into Time, gives 
us the Excefs of the Solar above the Equatorial 
* Day at that time ,- > wherever the Sun be, or at 
whatever time of the Year ,- as is plain from the 
loftance I have now given. And becaufe of thefe 
Varieties the Aftronomers Calculate the Suns 
Right Afcenfions to every Day in the Year, and 
thence deduce his Afcenfional Differences from 
Day to Day, and by thofe Differences tum'd into 
Time adjuft the Excefs of the Solar above the 
Equatorial Day all the Year round ; and putting 
thefe in Tables, make ufe of 'em for the ReduSiicn 
oi Solar to Equatorial Time, whenever they have 
occafion for it in obferving the Tranfits of the 
Fix*d Stars or Planets over the Meridian ; and de- 
ducing the Right Afcenfions of the Planets from the 
Fix*d Starsy or of one Ftx*d Star from another, or 
of either Fix^d Star or Planet from the Sun: And 
thus knowing the Difference of Right Afcenfions 
'cwixt the Sun at a given Noon and any Ftx^d Star 
ailignable, we can tell when that Star will come 
upon the Meridian in Equatorial Time, and con- 
verting that into Solar^ at what Solar Time of the 
Night it will be upon the Meridian; and know- 
ing chat, and obferving its Height at any time 
that Evening, and having its Declination, we 
may thence eaflly deduce the Time of the Ni^ht 

when 
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when we made oar Obfervation^by cfee Procefsia 
the prefent Pro]&/i?^* 

SchoL 4. The Afc4»Time, to which the Solar 'Ta- 
blcs and thofe of all the Planets are Calculated, 
is difierent both from tha Soiar and Equatorial : 
For whereas a &)/^r Day is that Space of Time 
which pafles 'cwixt the Moment when the Centre 
of the Sun leaves our Meridian and that at which 
it comes upon it again ; which is raeafured by 
the Whole Equator ^ and an Additional Arch of 
the fame Equal to the Afcenfional DiSerence 
*cwixt the Place in the Ecliptic in which the Sun 
leaves, and chat in which he comes again upon 
our Meridian; which Arch is of different Lengths 
in different Parts of the Earth's Orbit, whence 
arifes an Inequality in Solar Days : And whereas, 
tho* Equatorial Days (being always meafur*d out 
by one Compleat Revolution of the Equator) are 
all Equal to one another, for any thing the moft 
acute either Afironomersy Philofophers or Geome- 
tricians have been able to difcover to the contra- 
ry ; yet they do not exaftly Anfwer to the Alean 
Diurnal Apparent Motion of the Sun; but ^66 
Equatorial Days are pafs'd whilft he compleats 
his Annual Mean Motions : Whereas Laflhy the 
Mean Motions of the Sun and Planets are fouud 
Equable and Uniform, as they pafs over Equal 
Areas of their Or^j in Equal Times; and the Pe- 
riodical Times and Mean Motions of the reft of 
the Planets are. adjufted to and compared with 
the Apparent Periodical Time and Mean Motions 
of the Sun : Hence the Afironomers have been 
obliged, in making Tables reprefenting the Mean 
Motions oi t\it Sun and Planets^ to adapt them 
to what they call a Mean Time, which flows on 
Uniformly as their Mean Motions do ; that as 
from their Mean Motions they may have their 
Places in the Heavens^ fo from the Mean Time 

apper- 
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appertaining to thofe Motions they may find out 
the Apparent Solar T'xt^ id which they are in 
thofe Places. Now the Apparent Periodical Time 
and Mean Motions of the Sun being thofe by 
which thofe of the Planets are adjufted, and with 
which they are compared, the Mean Time in 
which he performs any of his Mean Motions is 
made the Meafure of theirs, as it not only ithews 
us Uniformly the Mean Motions of the 5»«, but 
of all the Planets, from whatever Epocha or Pe^ 
riod we begin to compare *era. And this Mean 
Time Anfweringto the Mean Motions of the Sun, 
and to which both his and thofe of all the Planets 
are Calculated, is got after the following manner. 
If the Sun fcems to move round the whole Area 
of the Earth\ Orbit, or to complete one intire 
Revolution about the Earth, in j^y-J Solar Days 
nearly; then as tvtry Solar Day requires one 
Whole Revolution of the Equator and lomething 
more, which is more or lefs according to the Part 
of his Orbit the Sun isinj fo the whole Solar 
Year is mark'd out by as many Revolutions of 
the Equator as there are Days in it, and one 
Whole Revolution more made up of the Addi- 
tional Parts, got by each Day of that Year: So that 
whereas there are but 355 ^ »Sb/^rDays in a Solar 
Year, thefe are meafured out by 3(56 Revolutions 
of the Equator; and confequcntly ^66 Equatorial 
Days are Equal to the Time in Jwhich the Sun 
completes his Annual Mean Motions, or tojdyi 
Solar Days ; theFormer of which therefore divided 
by the Latter /hews us that if an Equatorial Dzy 
is 24 Hours, a Day in which the Sun in his 
M^an Motions runs ^^t? &C' of his Orbit is 
24** 03' 56"i nearly; or, 59' 08" of a Degree 
being the Sun's Mean Diurnal Motion, he runs it 
in 24'' 03' 56"f of Equatorial Time, or a Mean 
Day. To find out therefore the Mean Time An- 
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Twering t^the A/m« Motions of the Sun; or its 
ExGcfs above, or how much it comes (hort of the 
Apfarem Solar Time, which is made by the Earth*s 
True Motion (feeming to us to belong to the 
Sun) from time to time; beginning with what- 
ever Point in the J^cliptk he is in upon the Meridian 
at any aiSgnable Noon (as he will have run 
59' 08" of his Mean Motions in one Mean Day, 
I* 58' 16'^ in the Second, and fo on ; till in a Year 
he completes his Annual Mean Motion$,and returns 
to that Point of the Ecliptic where we begun with 
him) If we Calculate what Arch of the Ecliptic 
Anfwersto yp' 08" of his Mean Motions for the 
Firft Mean Day, after he leaves this Point of the 
Ecliptic, and fo on round his whole Orbit,- if his 
Mean Motion in the firft Mean D^y is greater 
than the True Arch in the Ecliptic which he fecms 
to run, then the Right Afcenfion of the Latter 
taken from that of the Former leaves an Arch, 
which turned into Time tells us how much the 
Solar is lefs than the Mean Day, and confequently 
how much the Solar comes before the Mean Noon ; 
which fubtraEied therefore from the Solar leaves 
the Mean Time : If the Mean Motion in this Day 
is lefs than the Arch which he runs in the Ecliptic, 
then the Right Afcenfion of the Former taken 
from that of the Latter leaves an Arch, which 
turned into Time tells us how much the Mean is 
lefs than the Solar Day, and confequently how 
much the Mean comes before the Solar Noon ; 
which added therefore to the Solar gives the Mean 
Time. And after the fame way we getthefe 
Profthapharetical Arches all the Year round ; with 
their Titles^ whether they are to be added to, oc 
fuhraSted from the Apparent to give the Mean 
Time : And putting the Time Anfwering to 'em 
ititoTahles in order, from the Firft Point of ^r/>/ 
thro* the whole Ecliptic, and annexing their 7l- 
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ties J whether they are to be added to, or fubtraSled 
from the Af parent in order to have the Mean 
Time ; we have what the Aftronomeirs call Tables 
of the Equations of Natural Days ; from whence- 
having the Apparent we may difcover the Mean 
Time to every Day of the Year, or of as many 
Years as we Calculate thefe Equation-Tables to* 
Or, having the Mean Time we may find the Ap- 
parent if we add where thefe Tables dired us to 
fubtraSi, and fubtroB where they order us to add^ 
the Equation annexed to any Degree or Minute of 
the Ecliptic^ according to the Time of the Year 
when we want to reduce the Mean into Apparent 
Time* And to the Afe/i« Time got after the fore- 
going manner the TcJfles of the Mean Motions oi 
all the Planets are Calculated, and from them and 
the Tables of the Equations of their Orbits, &c. 
their true Places are got to any Point of Mean 
Time pad or to come ,* and knowing the Mean 
we may eafily find out the Apparent Time when 
they are in thofe Places* And thus if we have a 
mind to try any Tables of the Motions of the 
Planets by Obfervations, if we have the Apparent 
Time of the Obferv^d Geocentrical Place of a Pla- 
vety we may know in what Point of Mean Time 
it is in that Place ,* and if we Calculate its Helio^ 
centrical, and thence deduce its Geocentrical Place, 
from the Tables, to that point oiMean Time, and 
find the Tables give us the Obferud Place, we 
muft fo far conclude *em good ; If they give us a 
different Place, then they muft be look'd upon as 
Faulty in Proportion to that Difference. But this 
in fome meafure by the Bye; as it has not a di- 
red Relation to what more particularly belongs 
to this Place, vix.. the Solution of the Diurnal 
Phenomena upon the ProJeElion of the Sphere on 
the Plane of any one of its Great Circles. 

PR0&L£M 
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Problem IV. 

tiaving the Latitude of the Place we are in, the 
Time of the Day v)ben we make our Otfervation^ 
and the &m^/ Place and Right Ajcenjion at that 
Time I to find out what Point of the Ecliptic f«/- 
minates upon the. Meridian ; what is the high- 
efi Point of it^ or the 90* Degree from tne 
Points where it interJeBs the Horizon, and con-' 
fequemly thofe Points themfelves,; the D /fiance of 
the Nonagefimal and Mid-Heaven Points from the 
Vertex 9 and the Angle which the Vertical Circle 
faffing through theS\xaat that Time makes with 
the Ecliptic. 

Solution upon the ProjeSlion. 

LE T the Sun's Place and Right Afccofion be 
as intheProjeftion, and let thefe Particulars 
be inveftigated to One a-Clock in the Afternoon ; 
As c in the Tangent*Line ate is the Centre o( Ftg. iz* 
the proper Meridian to this Place of the Sun, b c 
being the Tangent of its Right Afcenfion, 
39° 48' 05", to the Radius t p ; if we add to this 
15 Degrees^ making it 54® 48' 05", we Ihall find 
i W the Tangent of the Right Afcenfion, of the 
Mid- Heaven at One-a-Clock; p IVC the Meridian at 
that Time, W being the Point in the Path where 
the Vertex then is, C that Point of the Ecliptic 
which then culminates upon the Meridiany and 
W^© 35 the Angle which the p^mW Circle paffing 
thro' the Sunzx, that Time makes with the Eclptic. 
And if we draw a Right Line from e thro' IV to 
the Ecliptic it will cut in the Point Ny the Point 
of it which is evidently neareft the Vertex or the 
higheft or Nmagefime Point of it; NlV being 
the Diftance of chat Point from the Vertex, and 
^ JVC 
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WC being the Diftance of the. fame from that 
Point of the Ecliptic which culminates upon the 
Meridian. So that in the Latitude of London, 
to this Time of the Day, add Place of the •S«», 
we want C the Point of the Ecliptic which culmi- 
nates upon the Meridian^ N the Nonagefimal or 
Higheft Point of it ; WNthe Diftance of the No- 
nagfjimal Point, and W^Cthat of the Point then 
culminating upon the Meridian^ from the Vertex; 
and W® 9d the Angle which the Vertical Circle 
paffingthro' the 5«» makes with the Ecliptic at 
this time. For which we may proceed as fol- 
lows : 

If we open the Selior to the Radius of our Pro- 
jedion, and take T C 'twixt our Compaffes and 
meafure it upon the Line of Chords, we (hall find 
how far the Point C which then culminates upon the 
Meridian is diftaut from the Ftrji Point of Aries, 
and confequently that Point itfelf i and after the 
fame manner may we difcover the Nonagefime at 
JV, and confequently the Points of the Ecliptic 
where it interfe&s the Horiz/>nj and fubtra&ing 
the lefler of thefe from the greater, we have the 
Diftance of the Nonagefime from the Mid-Heaven* 
For the Diftance of the Nonagefime from the Ver- 
tex, if we draw a Line at Right Angles to e fVN 
thro* the Point V till it interfeds the Ecliptic on 
both Sides, and lay a Ruler on that Point of In- 
terfeftion which falls ^twixt^and T continuing it 
thro* IV to the Ecliptic, the Arch intercepted 
'twixt the Points where that Ruler interfefts the 
Ecliptic 2x\d the Point of the Line drawn at 
Right Angles to etVNy where it interfeds the 
Ecliptic 'twixt/and ^ meafured upon the Lineoj 
Chords gives us the Value of e W^ by Carol 
Prop. 1. SeB. III. Cap. IL which taken from 90 
Degrees leaves IV N the Diftance of the Nonagefimt 
from the Vertex at this time : For IVCy having 

the 
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the Centre of jpW^fl at ^ we hzxc its Inclination to 
the Plane of ?he Projeftion, by Prop. III. 
&S. n» Cap. II. and confequently may have its 
Pole within tba^"Plane,; by Lemma I. SeB. III. 
Cap. II. and the Value of p C, by Oko^. IL 
Xemwall. &S. III.: CA»/^. II. from which taking 
plVih^ Complement of the Latitude of the Place 
we are in, we have fVC the Diftance of that Point 
of the Ecliptic from the Vertex which culminates 
upon the Meridian. And for the Angle W® ^, 
if we take a Quadrant of the Ecliptic from © to- 
wrards s^, and another from the Circle © Wd, 
(drawn thro* the Sun^ the Vertex and the Point 
in the Ecliptic oppofite to that where the Sun is) 
from © towards rf, according to the Diredions 
of CoroB. I. Lemma IL SeEl. III. Cap. II. and thro* 
the ^adrantal Points found, and the Point oppo- 
fite to that found in the Ecliptic^ ftrike a Great 
Circle ; having its Centre we may have its Indira 
nation to the Plane of the Projedion, as in the 
Cafeof /> W^C, and its Pole within that Plane; 
and having that Pole we may meafure the Arch 
intercepted 'twixt the Two Qundrantal Points 
found, which gives us the Value of the Angle 
which the Vertical Circle paffing thro' the Sun 
makes with the Ecliptic at this Time, vix.. IV® ^. 

Q,E,R 

'Trigonometrical Solution. 

FOR tht'' Trigonometrical Determination of 
thefe Particulars, Flrfi, in the Right-angl'd 
Triangle /> ® C, having p ® the Diftance of the 
Tropic of Cancer from the Pole of the World, 
66' ii' go" ; ® ^ C the Complement of C p T 
to 90 Degrees^35'' "' «"i and the Angle at « 
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Right ,• we may find out ^ C^and Cp by the fol- 
lowing Proportions: 

R: S. p^ :: T". Cp^ : 71 C ^. 
c.S.Cp ^:R:: T. f ^ : T. p C. 

R: S. p^ : : 56% j I '.Co". 9- 9<^245ri 
T.Cp^: jy. II. yj. p. 84842^ 

TC ^. 32. 54- 05- 9. 810878 

c.5Cp ^: 3 5^ 11'. 55"- 9. 9x2307— 
R::T.p^: 66. 31. 00. 20. 362O43 

T.^C. 70. 27. 13 10. 44973 <J 

So that C ^ is 32* 54 05"^ which taken from 
® v;, 90 ZJ^^rw, leaves T C 57^ 05' 5j" ; an4 
conlequently C that Point of the Ecliptic which 
culminates upon the Meridian at this time is in 
«, 27^05' 55''; From whence we may eafily dif- 
cover what Point of the Ecliptic rifes at this 
time, and what Point (cts : AndJ C is 70* z/ 13", 
from which deduaing the Complement of the 
Latitude of the Place we are in, we have ^C the 
Diftance of that Point of the Ecliptic which now 
culminates upon the Meridian from the Vertex^ 
3x* 59' J3"-' The Complement of which to 90 
Degrees is the Height of the Ecliptic at this time; 
Or, the Inclination of the Ecliptical to the Hori- 
Zsontal Plane. 

Secondly, In the Oblique-angrd Triangle epW^ 
Obtufe-angiy at IV ; having e p the Diftance of 
the Two Poles of the Equator and the Ecliptic^ 
23^* 29'oo"i /'^theSemidiameterofthePrtfAof 
our Vertex, ^i' 28' 00" ,• and ep W the Comple- 
ment of the Diftance of the MW- Heaven from the 
Fivfl Point of Cancer to 180 Degrees, 144^ 48^ 05" : 
We may have e PF, which taken from 90 Degrees 

leaves 
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leaves WN the Diftance of che N.nageftme from 
i\ic.Veftex\ and feW the Dilfereace of Longw 
tude *twixt the Nonagefime and the Firft Peine of 
Cancer. For the Obtufe Angle atf being given, ijf 
we let fall a Perpendicular from If' to A; in the 
Triangle RpW having Wp^ Wp R, and the An- 
gle at R Right ; we may have p R, and RW hy 
the following Proportions: 

R: c.S. IVp R:: r. Wp: 'f.J R. 
Ji: S. WpR:: S. IVp: S.WRi 

R: C.S. IVp R:: jy'.u'.ys", 9. 912305 
T. Wp: 38. 28. 00. 9. 900085 

T.pR. 31. 59. 33. 9. 812392 

R: S. 9. 76073 2 
& 9. 793831 



Sr 9. 5545^3=^ii- *i*- 00'. 43". 

So that^Hbeing 32' 59' 3?"> if we add to ic 
tp, 23* 29' 00", becaufe the Perpendicular falls 
without, the Triangle, e R will be 56^ 28' 33" i 
And in the Triat^le e RfVhsLvingeR, 56* 28' 33' | 
W^A 21* 00' 43"; and the Angle at R Right; 
we may have #^aod Re IV by the following 
Proportions: 

5^.^^.- R:: T RHT: t. RiW. 
R:c.S.eR::cJS.RlV: C.S. elV. 



R: 


JJ* /I.- 56*. 28'. 3 J", p. 920984— 
.•7^ii»'; 21.- 00. 4}. 19. 584447 

7l/l«>F. 24. 44. 16. 9. 6634^3 




-R. 


•f.S. « R; j6». 28'.33". 9. 742irftf 
*.5i /filt 21. 00. 4^. 9. 970117 






f-S. eW' 58*. 57'. 53". 9.712283 

1^ 


s* 
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So that ReW bciflg 24** 44' 16" Equal to 
^ e Ny a we take it from 90 Degrees it will 
leave r e iV or V^ iVT the Diftaocc ot the Nona- 
ge fime trom the f/r/ Point of ^/>j, 65^ 15' 44"; 
and therefore the Nmagefimal Point of the Ec/jjp- 
f/c at this time in n, 05^ 15' 44". And eW 
being jS** 57' 53'\ if we take it from 90 D^ 
grees, it will leave JT AT the Diftaoceof the No- 
nagefime from the Tm^x 3 1* 02' 07" ; 58M7' 5?" 
being the Altitude of the Ecliptic at this Time 
above the Horixm ; or the Angle which the Planes 
of the Ecliptic and the tiorj%on make with each 
other. Z^r^ois 05* 15' 44" Rifing at this time, 
and Tifces 05* ij' 44" being that Point of the 
Ecliptic which then Sets. And the Diftance of the 
f^onagefime from the Mid^Heaven is o8* op' 49". 

"fhirdfyy For the Angle fVQ NjOr that which 
the Vertical Circle paffing thro* the Sun makes 
with the Ecliptic at this time, call'd the ParattaBic 
Angle; in the Triangle NW® we have NW^ 
the Diftance of the Nonagefime from the j^rt^x, 
3 1* oz oi" ; ® N the Diftance of the Nomgefime 
from the5?/K, if 00' 31"; 'and the Angle at N 
Right; and confequently may ea/ily find out 
WQ'Ni by the following Analogy i 

S. ®N: R::T.NIV: T. N®JV. 

5. ® N: 23^oo^3x". 9. 592032 — 
R::7.NW\ 3T..02. 07, I9> 119M^ 
If.HS^W. 55. 59. 3o.;io, 18734)5 



So 
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So that theParallaaical Angleat?- .« , ^ „ 

this time is ^ P^ 59 3Q 
That Point of the EcUftk which > 

culminates on the Meridian be-Say 05 55 

ing« b 

Its Diltance from the Vtntx 3 ' 59 13 

The Higheft or Nonagefime Point 7 ^ ^ , ^ 

dith^EclifticU S^ ^5 '^^- . 

Its Diftance from the Vertex 'it 02 07 

The Rifing Point of the Ecliptic ij? 05 15 44 

The Setting Point x oy 15 44 

The Diftance of the Nonagefime 7 q ^ 

{torn the Mid-Heaven . ^^ ^^ 49 

Q,E.r. 

Schdium. If the $aMllalHcal Angle Is to be in- 
Tefiigated at the Mo^n (or any of the othrt" Pla^ ~ 
nets Yfhich make a« Senfible ParaBax with the Se- 
midiameter of the£^r/^) at the fame time; and 
(he is wide of the Eciiftic (for Inftance) to- 
wards the North ; then bndwing her Longitude 
and Latitude, in the Triangle We > we have We 
the Diftance of the Vertex from the Pole of the 
Ecliptic at this time^ e > the Complement of the 
Mm's Latitude^ tod tVe yzzzNeS the Difte- 
renceof Longitude of the Moon and tho Nonage- 
Jim^ at this time, by which we may find out 
IV ye the Complement of M^> 9 >the ParaBaSli^ 
col An^le required, to 90 Degrees ; in the fame 
way as we difeoVeran Acute Angle of any other 
Obliqae-angl'd Triangle, of which we have Two 
Sides and the included Angle. By which we may 
alfofmd out IV ^ the Diftanceof the Afoo» frotfi 
the Vertex at this time, if we have occafion for it. 
And if the ParaSaBical Angle at the Moon (or any 
other Planet) is require to any other time, her 

L 2 Longitude 
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Longitude and Latitude being then known, and 
the Diftance qi the Vertex frp^i the Pole of the 
Ecliptic, v^ith the Longitude of the Nmagejime at 
that time, we may difppv^r rh^t Angle after th^ 
faipe manner, 

P ?L O B L E M V, 

ffaving the Parallax of Altitude $fa Star lor Pla^ 
nety together with its Parallaftical Angle \ to find 
put it $ P^raljax of l^ongitude and Latitude f 

Solution. 

LE T thefe be given in the Moon to the Time 
riefer'4 10 in the preceding Problem : The 
"'^ "" Moon being deprefs'd by her Parallax (rom > to £ 
in the' Ferticitl Circlp IV > £, in the Triangle 
E B > Right-atigl'd at B the \ Side E > is given, 
being her Par^Bax of Altitude, and the ParaOaSli^ 
fol Angle E i JH, with the Angle at 5 Right ; 
from whence, we may cafily have > B her Parol- 
fax o( Loiigitu^G, and ^ £ her Parallax of Lati- 
tude. 

Scholium I. If inftcad of the ParaBax of Alti- 
tude, and ParaHqSlical Angle, we ha4 her Tnm 
jLongitude and Latitude, the Difference of Longi- 
tude ^twixt her apd the Nonagefimal Point * of the 
flcliftif^ and the Diftance of that Point from the 
f^ertex ; we might thence Hqd out her ParalhSbcal 
Angle, and Piftani:e from the Vertex, and ha- 
pripg her Diftance from the Vertex we might find 
put her parallax of Altitude to that Diftance, and 
from this and her ParallaEiical Angle her Parallax 
fif l-ongitiijcle an4 Latitude, For having the Di- 
Jjipfp pf the Pfbnagejime from the Vertex 1VN 

V8 



Digitized 



by Google 



of the Sphere in Piand. I4p 

lire have its Complcmenc to 90 Degrees^ the Di-. 
ftance of the Vertex h-om the Pole of the Ecliptic 
ff^e, and having the Moon's Latitude we have its 
Gojnpleoient^ to a ^adrant > ei and having the 
Longitude of the Moon and NonageUme we have 
their DiflFerenceiVe > ;from whence we may have 
W > her Diftance from the Vertex^ and JVy f the 
Complement of her Parallaciical Angle^ to 90 De- 
grees ; which laft taken from 90 Degrees leaves 
us her P aral/a£tical Avgh ; and having her Didance' 
from the Vertex, and aflTumtng her Hortx^ontal 
Parallax from the Aftronomical Tables fram'd for 
this purpofe, we may eafily have her Parallax of 
Altitude, that bearing the fame Ratio to the Ho* 
rizjontal Parallax SiS the Sine of her given Diftance 
from the Vertex does to the Radius ; And having 
thefe, her Pdralla x of Longitude and Latitude 
may be found as in the Problem. And by the 
preceding Problem we know how ta fkid out the 
Longitude of the Nonagefine^ znd its Diftance from 
the Vertex to any Time affignable. 

Scbol. 2. The Parallax of the Altitude of the 
Moon, or of ady other of the Planets which is 
near enough to the Centre of our Earth to have 
any Parallax at all, is nothing elfebut the Differ 
rence ^twixt the Places in the Heavens where it is 
view'd from the Centre and from the Snrface of 
the Earthy meafur'd by an Arch of a Vertical Cir- 
cle intercepted 'twixt the Two Points it is vicw'd 
in from thofe Two Places : and this Parallax is 
greater the nearer the Planet to the Centre of our 
Earth ; fo that it is greaceft of all in the Moon; 
and almoft, if not intirely, infenfible in the re* 
motetk Planets : and of the Parallaxes of Altitude 
in the Moon the HoriMntal are the greateft, the 
reft decreafing as the Sines of their Diftance$ 
from the Vertex dccrcafe. The Aftrommers have 
determined the Moons Horizontal Parallax to all 
L J the 
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the Parts of her Orl^it^ and from thence have de- 
duced Tables Qt her Parallaxes to all the Altitudes 
which (he can be fpund in at any time: So that 
having h«r Horix^ontal Parallax at any time we 
may thence have her ParaSax of Altitude at the 
fame time at any Diftance which (he (hall be 
found in froni the Vertex : And having this, and 
her ParallaEUcal Angle, we may find out her jPa- 
ralla^ of Longitude and Latitude, as in this Pro'- 
plem* For knowing the true Place in the Heavens 
5iv here the Momi is view'd from the Centre of the 
Enrth at any time, or her True Longitude and 
Latitude, from the Tables formed by the Aftrono- 
nters for this purpofe, which gives the Moons 
Places to an Eye at the Centre of the Earth; and 
the Parallax of her Altitude to the fame Time from 
like Tables ; as the Parallax of this Akitude (hews 
us how much her vifible is depnefs'd below her True 
Place, from this siad the pfeceding Prokkmy we 
may difcover how much this Depreffion alters her 
True Longitude and Latitude ; that is, we may 
difcover her ^^Jitk Longitude ami Latitude at this 
time; and theuce the Quantity, Duration, dTc* of 
Solar Eclipfes^ the Occuteations of Fix*d Marshy 
the Moon, &c. Thus if the Moon's true Place is 
at any time found by Calculation tx> be at ) ; her 
True Longitude being Te >^ and her Tru^ Lati- 
tude / > ; Let her Parallax depreis her to £, 
then will her FrJlMe Place be at £ ; her VifiUe Lon- 
Igitude being T eEy and her Vifide Latitude 
£ K ; her Parallax at this time adding to her Trm 
Longitude the Arch f K, znAfukroBing from her 
^STtue Latitude the Arch B E : For which invefti- 
'gating, Firfiy all the Particulars reqoirM in the 
preceding Prohlemj and thencegettiag the Paral- 
laBical Angle iV ^ 9 , or its Alternate E > By 
-and her Diftance from the Vertexj we may have 
£ > her Par/iHax of Altitude to that Diftaoce 
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from the 'tables \ and therefore^ in the Triangle 
£ JB >, Right-angled at By having £ > and 
E > £ and the Angle at B Right, we may eafily 
have > -ff, or /^ iK, which added to T ef gives 
her Vifibk Longitude ; and EB which fubtraSied 
from K B gives us her Vijibk Latitude. That is^ 
lier Vifible Place : From whence we may have the 
Vifible Quantity, Duration, &c» of any Solar 
Eclipfe to any Latitude. The Reader will eaHly 
obferve, that if the Moon has True Southern Lati- 
tude her apparent or fljible Latitude will be more 
Southern than her 7ri/^; or if her True Northern 
Latitude is lefs than the Arch of Difference of La« 
titude which her Parallax of Altitude gives her,her 
Vifible Latitude will be Southern : If (he is on the 
Eafiem Side of the Nonageftmal Point of the Eclip- 
tic her ViJiUe will be greater than her True Lon- 
gitude, if on the Wefiern the contrary. And he 
' will eafily fee from the Projefiion, that when ihe 
is upon the Nonagefimal Point of the Ecliptic her 
Parallax of Longitude will vanjQi, but that of 
Latitude will be thegreateft, being then Equal to 
her Parallax of Altitude; but near the Horiz,on 
her Parallax of Latitude is always the leaft ; and 
at^ or near it, that of Longitude is the greateft. 

SchoL J. By this and the preceding Problem we 
are alfo taught how to corred any Lunar Tables 
by Obfiarvation : For Calculating by thofe Tables 
the M^s True Loagitude and Latitude to thb 
Time when we are to make our Obfemation ; and 
from thence deducing her Vifible Longitude and 
Latitude; if we obferve by the Sextant at that 
time her Diftance from any Two Ftx^d Stars 
whofe Longitude and Latitude are known, ma- 
king due Allowances for the Corruptions of their 
Diftances by RefraSionsy according to Schol. i. 
Pro*. IIL Se£t. 1. we may thence deduce hcrO^- 
farv'd Longitude and Latitude by the fame Scho- 
L 4 lium: 
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liumi And if iier /^^z/JWi* Longirude and Latitude, 
as given us by the TabieSy are the fame with thofe 
vhicrt we deduce from nut Obfervationti then* the 
T'alles are good ; if chey dfflfer then they want to 
be corrcfted. Or, noting her Oi^/^n/V Longitude 
and Latitude at any time, and Calculating her 
F///^/^ Longitude and Latitude from the Tables zt 
thefsme time, we may do the fame thing. And 
repeating this Procefs from time to time quite 
round her Orlrrty ve fhall find where the Fault 
lies in iht Tables (if they are faulty) and withal 
how to corredt ir. In trying the Tables of the 
other Planets which have no Parallax with the 
Semidiameter cf iVit Earthy if we cbferve their 
Places, as in the Moon^ at any time ; and Calcu- 
late from thofe Tables their Heliocentric^ and 
from thence and the Solar and Planetary Theories 
deduce their Geocentric Places to that Time, wc 
fhall be enabled to do the faine thing. But this 
1 have only thought fit to hint at by the Bye, it 
being not direftly to my prefent purpofe. 

Problem VL 

Having the Latitude of the Place we arein^ the Di- 
fiance of the Sun from the North Pole of the 
IVcrld at a given Timer and the Dijlance of the Pit- 
rallel rf T\^'i\if*htfrom theVerlex at the fame time \ 
to find ovt the Dawning oftheUzy in the Afomif^t 
and the End of T^ ilight in the Evening 

Solution upon the ProjeSlion. 

IT is ufually aflum'd by the Afirmomers (as 
they exprefs themfelvcs in the Ptolemaic%c\i^mt) 
that the Light of the Sun reaches the Horizjon in 
the Morning when the Sun itfelf i^, 16 Decrees 
below it, tho' fome aflfume r8 Degrees^ and Cpmt 
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19^ and continues difcernible in the Evening till 
it is deprefs'd fo many Degrees below the Horh 
z,oij. And whereas with the Copernicans the Sun 
does not move at all > but the Earth^s Diurnal Cir- 
cumvolution upon its own Axis is the Founda- 
tion of the Diurnal Phanomena ; hence it may be 
a({um'd that the Day-light appears in the Mor- 
ning when the Vertex of any Place wants at Icaft 
16 Degrees of emerging out of the Obfcure into 
the Illuminate Part of the Earth\ Difc; and does 
not difappear in the Evening till it is immerg'd 
as many jD^^r^f/ into the Obfcure Part. If there- 
fore we projeft a Parallel to the Horizon of the ^k- i^ 
Difc (Perpendicular to the Plane of the Projeftion) 
at 16 Degrees Diftance from it^ or 74 Degrees 
from its neareft Pole D, according to the Dirc- 
aions of Prop. II. SeB. IT. Cap. IL that Part of it 
which falls within the Plane of the Projeftion 
will beADEF; F being the Point where our Ver- 
tex is when the Day begins to dawn, and D that 
where it is at the End o( Twilight. And if we 
complete the Triangle Fp © having the Three 
Sides Fp^ F® andp ©, we may find the Angle 
Fp ©, the Time from Noon when the Day dawns 
by producing pQ and F p to Quadrants, and 
thro* the Quadrantal Points found, and an Oppo- 
fitc Point to either of tltem in their refpeftive 
Circles completed flriking a New Circle: For 
having the Centre of this New Circle we may 
have its Inclination to the Plane of the Projeftion, 
by Corott. Prop. III. SeSl. II. Cap. II. and thence 
its Pole within that Plane, by Lemma I. SeEl. III. 
Cap. II and thence we are enabled to difcover the 
Value of that Arch of it which is intercepted 
*twixt the two Quadrantal Points Ftrfl founds by 
CoroB. I. and 2. Lemma II. SeEt. III. Cap. II. that 
is, to determine the Angle Fp 0, the Time be- 
fore Noon when the Day dawns ; Which is Equal 

to 
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to the Angle Df® the Time from Noon when 
the Twilight ends in the Eveiiiog. 

Trigonometrical Solution. 

IN the Triangle Pf ® , having p ®, 74' if 29" : 
/>F, j8' 28' 00" 5 and O F, io5<> 00' 00'' w€ 
may have Pp 0, by the Eleventh Cafe of Oblique- 
angled Spherical Triangles, after the folkxwing 
manner : 

R.S.pF- 38*. 28'. 00'' p. 7938317 
51^®- 74. 27. 29. 9. 983822^ 

F0. log. CO* 00. 9. jTj6^i9 

Z. 218. 55. 29u o. 22234^1 
AtZ. lop. 27. 44^.9. 9744473! 
J^'- 3. 27. 44^ 8.7809851 

18.9777785, 
C.5. f F^ ® . 72*. Q2' 48". 9. 4888892^ 
F^®. 144. oy. 36. 
I J*) 144. oy. 35. (9^. 36'. 22".— 
135. 12. 00, 00, 

9. oy. 35. 2. 23. 38. 

So that the End of the Tmligbt is at 9*" 3^ %%" 
in the Evening,* and the i?r/? dawning of the Day 
i$ at z^ 23' jS' in the Morning. 

Problem VII, 

Having the Latitude of the Place v)e are in, and the 
Right Afcenfim and Declination of any Point of 
the Ecliptic or a Fix'd Star, given \ to find out its 
fiifing or Setting Amplitude, its Afcenfional Diffe- 
rence^ and confequently its OUiqug jifcenfien. 

Solution 
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Solution upon the ProjeSfion. 

IN the Scheme annex'd, which is a Stereografhic 
Projedion of the Sphere upon the Plane of the 
Solfiitial Colure drzwn SLccotding to the Direftions 
of the Second Chapter-, Let VHEO reprefent B^. 35. 
that Colure itfelf, HT the Horizon to the La- 
titude of London^ a T q iht Equator^ ^ T yf the 
Eclifticy ^ IT Tthe -^x/Vof the World and the Equi^ 
noSiial Colure y VtE the Prime Verticaly and 
ST 1?^ the Axis of the Ecliptic : And let it be 
required to find out, Ftrft the Rifing Amplitude, 
Afcenfional Difference, and Oblique Afceniion of 
the ivr^ Point of Cancer. The Diurnal Parallel of 
that Point is ^ ef, e the Point in the Horizon 
where it rifes, eT oreFT its Rifing Amplitude 
from the Eafi towards the North ; and r x, de- 
termined by its Circle of Right Afceniion paffing 
thro* the Points e and x, and the Horizon^ its 
Afcenfional Difference i which futtraHed (rom its 
Right leaves us its Oblique Afcenfion- The Af- 
cenfional Difference being nothing elfebut the 
Difference *twixt that Point of the Equator which 
culminates upon the Meridian with the Firft Point of 
Cancer, and that which rifes with it above the Ho- 
rizon : Which is here to be fubtrafied in order to 
find the oblique Afcenfion, becaufe that Point of 
the Equator which rifes with the firft Point of Can- 
cer comes to the Horizon before the Point of its 
Right Afcenfion, or that with which it culmi- 
nates upon the Meridian. 

Now in the Triangle T x e, Ftrfi, for T e the 
Rifing Amplitude of the F;V/? Point oi Cancer ^ if we 
lay a Ruler upon f^and e it will cut the Solftitial^Co- 
lure in «, making E ct Equal to the Arch of the 
Horizon which T e reprefents : By Prop. II. 
SeB. III. Cap. II. wich will bej /ound upon the 

SeSlory 
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SeSior^ open to the Radius o( the Projeaion, to be 
within a few Minutes of 40 Degrees : And fo much 
is the Rifiog Amplitude of the Ptrft Point of Can- 
cer from the Eaft towards the North. Secondly^ for 
T X, the Afcentional Difference, a Roler laid up- 
on^ and xwill cut the Solftitial Colure in A, ma- 
king Tg Equal to the Arch of the Equator which 
*^ X reprefents : Which will be found (after the 
f^me manner) to be 3 j Degrees^ and 'twixt Eight 
^nd Ten Mnutes : And fo much is the Afcenlio- 
nal Difference of the Pirfi Point of Cancer; which 
fubtraEled from its Right leaves its Oblique Af- 
cenfion. . 

Again, Let it be required to inveftigate thefe Par- 
ticulars with relation to the F/Vy? Point of Oipri- 
corn the Diurnal Parallel of this Point o( the Eclif tic 
is Vf dc ; d being the Point in the Horiz.cn where 
it rifes \ dT^ or dVT its Rifinp Amplitude from 
t\i^\Eajl towards the South; and T z, (determined 
a^'T X before^ its Afcenfional Difference : Which 
W^y be had after the fame manner as T ^ and 
T X were got in the former Cafe. And here the 
Afcenfional Difl'erence muft be added to the Rights 
in order to find the Oblique Afcenfion, becaufe 
that Point of the Equator which rifes with the 
Ftrfi Point ii Capri corn comts to the Horizon after 
the Point of its Right Afcenfion, or that witb 
which it culminates upon tiie Meridian. 

Q:E.F. 

Trigonometrical Solution. 

THefe Particulars are altogether as eafily, 
and witli greater Accuracy, determined by 
Trigonometrical Calculus : VoTj (or the Rifing Am- 
flitudey Afcenfional Difference, and Oblique Af- 
cenfion of the Firft Point of Cafuer ; in the Triangle 
Y'xf, having xe the Northern Declination of 

that 
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that Point, 23° 29' 00"; x T ^ the Inclination of 
the Planes of the Equator and the Horizon^ 
jS^ 28' 00" ; and the Angle at x Right ^ we may 
cafily find out T e, and T x, by ^hp following 
Proportions : 

S.^"^ x: R:: S. e X : S.iT. 
r.eXx.T.exr'R: S. T x. 

&erx; 58* 28'. 00". 9-793831 — 
^:: S,f x: 23. 29. 00. 19, ^004 09 

•S-^T- 39. 50. 08. 9. 806578 

Ter x: 38^ 28'. 00". 9. 990085— 
l*.ex:: 23. 29. 00. 19^537955 

/J;5.rx. 33- 09.05;:: 9* 737370 . 

So that the Afccnfional Difference of the Firfi 
Point cfC4»^is 33* 09' 05" ; which ^^feufrom 
90 Degrees the Right Afccnfion of that Point, teavcs 
its Oblique Afcenfion 56* jo' 55" : And its Rifing 
Amplitude from the E/i/i towards the Nmby is 
39* 50' 08"; Or, three Points, and 0(5° 20' oS" 
piortberly* From an Equal Triangle T^d wt 
find that |:he ivVyl Point of Ctf/ricor» has as much 
Amplituii fi'om the £/?/? towards the 5o«^A^ as that 
of Cancer hasi from thcQcc towards the Nmh : 
And 33\oy 05'' added .to the Right Afccnfion 
of the Ftrft Point ofCaprif^n^ 270* 00' 00" ; gives 
p$ its Oblique Afceofipq, 393^* 09' py". 

. ^ ^£./: 

Scholium I. After the fame manner the Aflrom^ 
n/erjinveftijgate the Afceafional d ifferences of eve- 
ry Point of the firft Northern Quadrant of the 
jEclipticj which arc determined by their ATor^Jb^rii 
Pecjin^tion^ an4/^^/-^a»^ 'emfrom their Right 

^fcepfion; 
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Afcenfioiis frame Tables of-thdr Oblique Afccn- 
(ions : All the Triangles by which chey inveftigate 
'em falling within the Triangle T xe^ and below 
the HmzoH : And from them 'tis eafy to make 
out the Oblique Afcenfions of the Second Qua- 
drant ; every Point in it having the fame Afcen- 
fional Difference with that Point in the Ftrfl Qua* 
drant which has the fame Northern Declination i 
and if we know their Afcenfional Differences^ 
SLndfuhraSi 'em from their Right Afcenfions, 
their ObUque Afcenfions are alio Jcnown. And 
in the Southern Quadrants they add thf^ Afcen- 
fional Diflterences found in the Fsrfi Quadrants to 
the Right Afcenfions of the Points in tbem which 
have the fame Declination with any given Points 
in thofe Northern Quadrants; in order to have 
their Oblique A&enfitdl And fo they get the 
Oblique Afcenfions of all the Points in the £* 
cli^c. 

Schol 1. Every Star t6at rifes with any Point 
of the Ecliptic has the fame Oblique Aicenfion 
with that Point : Thiis the Star at *, having 
Northertf Declination u *, has for its Afcenfional 
Difference u V*, and confequentty rifes above the 
Horizon With the fame Point of the Equator, which 
rthe Fhfi Feint of Cancer rifes with: and having 
its Right ^fcenfion and Declination, we may find 
out its Afcenfional Diflference and Oblique Afcen- 
fion in the Triangle T u* after the fanie manner 
as we found out thofe of the Fhft Point ol Cower 
in the Triangle T xe: We may alfo after the fame 
manner have the Axintmh which it rifes up- 
on. If we would therefore know what Point of 
the Ecliptic any Star rifes with, having its Right 
Afcenfion and Declination we may have its Af- 
cenfional Difference and Oblique Afcetifion ; and 
finding out to what Point of the Ecliptic that Ob- 
lique Afcenfion belongs, from the Tables fram'd 
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by the Afirommer^^ (oic this purpofe, that is the 
Point >vfaich rifes with the Star propos'd. 

Schol. 3. The Intelligenc Reader will easily fee 
that when the Afcenfional Difference \^ fukraSied 
iromthe Right in order to have the Oblique AT- " 
cenfion, if it is added to the Right it will give us 
the Oblique Defcenfion : Becaufe that Point of 
the Eqmfof which ^ (for Inftance) with the Ftrfi 
Point' of Cancer comes to the Horixm htiore the 
Point of its Right Afcenfion, or that with which 
it culminates upon the Meridian. ktiA when it i^ 
adJkd «> tihe Right for the Oblique Aftrenfion, if it 
is fifitraBkdfrom the Right it wiQ leavens the Ob- 
lique Defeeafion : Becaufe that Point of the Equa^ 
tor which feis (for Inftance) with the firfi Point 
oiCafriium^ comes to the Abrfx^n after the Point 
of its Right Afcenfion^ or that with yrhieh it cul- 
mioates upon the Meridian. 

ScbcL 4* If we have a mind to know the Length 
of the Day in our Latitude when the 5i»» is in the 
i7r^ Point of C^wrer, his Aftenfional Difference iti 
that Point tum'd into Time^ and JuttraBed from Sx 
in the Morntng, gives os the Time of his Rifitg; 
and added to Six in the Evening the Time of his 
Setti^; which being got we have the Length of 
the Day. Thus 33* 09' 05'' the Afcenfional Dif- 
ference of the Sun in the ^r/f Point ofCancer^ tnrn'd 
into Time is i^ 11' 36", which y«feraflVi from Six 
leaves 3*4/^4", the Time when the Sun rifes 
at iMdm^ in this Poidt of the Eclipic; and added 
to Six it gives 8** 11' 36'', the Time when the 
Sun fits in the fame Latitude* And if we add the 
4ameto Six in the Morning when the Sun is in the 
Fir/TPmnt of Cafricdrn^ we OxM find that he rifes 
then atV^ 12' 36'^ ; a^id if we fubtraSi it from Six 
in the Evening, he fits at 3* 4/ 24" in that 
Point. So that the longeft Day at London is 
l6f^ty i^"i and the fliorteft 7^ 34' 48". And 

after 
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after the fame mannel^. tBtay we find, out theCe 
Particulars to every intermediate Point in the 
Ecliftic. 

Schol 5. Befides the Determination of the Time 
vrben any Star rifes above the Horizjon on any 
Day in the Year, which is got from its Right 
Afcenfion and Declination known, and the Difte* 
rence of Right Afcenfion 'twixt it and the Suu at 
that Timp i by Schol. ad Prob. I. SeEl, IL By 
Vfhich Scholium alfo we may with Equal Eaie de- 
termine when it fets: Which are properly call'd 
the Aftronomical Rifing and Setting of a Stau 
We are jrequirM fomctimes (in order to under- 
Hand fqme Paflages in the antient Poets, Natural 
Hiftorians, Writers de re Ruftica^ &c.) to deter- 
mine at what Time a &ar rifes or fets when the 
Sun rifes, which is called its Cofmkal Rifing and 
Setting. At other times we are call'd upon to 
determine at wh^t Time a Star rifes or fets with 
the fettiag5m; which is call'd its Acbronical Ri- 
fing or Setting. And, Lafily^ fometimes it is de- 
manded of us when a Star ^hich lately* by rea- 
fon of its Neamefs to the Suh, was invifible^ is fo 
far left by the Sun in his Annual Motion, as to 
emerge out of his Rays^ and become vifible; 
which is call'd its Heliacal Rifing ; or, when that, 
or any other j>^^ which has lately been Vifible 
is fo far overtaken by the Sun in his Annu^ Mo» 
tion as to be abforp'd in his Rays, and become 
Invifible which is call'd its Heliacal Setting* 
And (if we are Mafters of the Solar Theory) the 
Two former of thefe, viz^ the CofinicalMdAcbro^ 
nical Rifing and Setting of a Star^ may be deter- 
min'd by its Oblique Afcenfion and Defcenfion 
known, and the Points of the Ecliptic with which 
it rifes and fets, which are got from its Oblique 
Afcenfion and Defcenfion. For let a Star whofe 
(^fmical Rifing is required have the fame Obiiqye 
I Afcenuoii 
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Afcenfion with the Fttfi ftinc oiCancery or any o- 
ther Point of the Eeliptici then it rifes with that 
Point: and confequently, when t\\Q Sun is in the 
Firfl Point of Cancer ^ or that Point of the Ecliptit 
in which he has the fame Oblique AfcenHon with 
the Star, that Star rifes CofmicaBy: Let a Star 
have the fame Oblique Defcenfion with any Point 
of the Ecliftky then when the Sun rifes in the 
Oppofite Point, that Star fets Cofraically. If a 
Star has the fame Oblique Defcenfion with the Firjt 
Point of Cancer^ or any other Point in the Eclip'* 
tic, it fets with that Point i and confequently 
when the Sun is in the Firft Point of Cancer^ or that 
Point of the Ecliptic in which he has the fame 
Oblique Defcenfion with the Star, that Star fets 
AchronycaUy I If a Star has the fame Oblique 
Afceafion with any Point of the Ecliptic-^ then^ 
when the Sun is in the Oppoiite Point, thzt Stat 
rifes AchronycaUy, Whence we may determine the 
Times of the Cofmical and Achronycal Ridngs and 
Settings of all the Stars in the Heavens, whofe 
Right Afcenfions and Declinations, and confe- 
quently Oblique Afcenfions, are known, if we 
know the Solar "Theory at the fame time. The 
Heliacal Rifmgs and Settings of the Stars arc) 
inveftigated in the following Problem*. 

Problem VIII* ; 

Having the Latitude of the Place we are /«, the 
Points of the Ecliptic with which a Star RifeS 
and Sets^ an4 the Altitude of the Nonagelime 
when thofe Points are upon the Horizon ; to find 
out the Pointst-of the Ecliptic the Sun ntuft be in 
to tnabe the Star Rffing or Setting appear juftfree 
from the Solar kays; and from thence the Ttmei 
of its Heliacal Rijiy^g and Setting. 
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Solution, 

TH E excellent KePler*$ Anfwer to this Qac- 
ftion, •• How rar ought the Suit to have 
" departed from a F/x^d Star or Planet, to per- 
" toit us to fee it free fr6m his Rays ? is this : 
" That tho* the Solutidta of this Queftiott admits of 
** gteat variety ; differing according to the Bright- 
** itefs of the fix*d Stars or Planets ; according to 
" the State of the Air, which is diflferent in diflfe- 
•* rent Climates, and in the fame in different Sea- 
^ fonsi according to the dMPcrent Latitudes which 
" thcQueftion is j^roposMiAjti which cheTwiKght 
** i* of different Power and DiAra'ridn; yet tbc 
** Jiflronomers have affum^d fortie Particulars, in 
*' order to the Solution of this Probknt^ which 
** have been found very neirly confonaht to Ob» 
" fervations : viz. Ftrfiy That the Twilight com- 
^^ mences in the Mdrnit^, tod concludes in the 
** Evening, when the Sun is deptefsM in ft VhUcal 
** Circle 19 Degrees btlo^ tht Htfrizon ;tho^ here 
" Tjeho Brahe requires but 16 Dej^rees Depreffion 
** at the E(}uimxes ; others 18 Degrees. Second- 
" (y. That we canbdt fee the fmalleft Ftx^d Stars in 
*' Parts of the JHor/xon where the Sun rifes or 
*' fets, but when the 5Sei« is cieprefs^d 18 Degrees 
*' below the Horhcon. For Stars of the Sxtb 
" Magnitude, they deprefs the Sun 17 Dmrees; 
** For thofeofthe Ft/thy 16; For thofe of the 
** Fourth, 15 ; For thofe of the Thirdy 14 .-"For 
•* thofe of the Second^ 13 ; Aiid for thofe of the 
** Ftrft, 12 : And as to the Planets, they ^(Tert, 
** That we cannot fee Mars, till the Sun is 
** ii'* jo'oo" beldw the Horizon i SatUrhy ^11 
" be is II Degrees ; Jupiter Or Mercury^ till 10 ; 
" and Venusy -till he is depi-efs'd 5 Degrees below 
*' the Horizon. Tho' the different Diftances of 
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** tfce Planets from the Centre oixhit Earthy m 
•* diflferent Poiots of their OrbitSy feem to require 
*^ A greater variety in this Matter than is here 
*' fpecify'd." F/rf. Keplen Efit. Aflronom. Coper-^ 
nicm. lib. J-fag. 36^, 370. £rf/>. £w^ adDanur 
intern. 

Let the Sohrtion therefore of xYAs Problem relate 
to a &^ of the fvr^ Magnitude ; v^iich is leen 
'when the Stm is deprefs'd 12 Degrees below the 
Horiz^m : Having the Solar Theory ; and the 
Pomrs of the Ecliptic with which this Star rifes 
andfcts ; -we know at what Time of the Year the 
Smiis in thofe Points, and confequently when 
this Star rifes and fets with the Sun : And know- 
ing when this Star rifes and fets with the Sun, 
znd the Riiing and Setting Points of the Ecliptic 
at thofe Times, we have its Nonagefimal Degree 
from the Horizon in both Cafes, and may have 
the Akitudeofthe Nonagefime at the fame time, 
cither by Prob* IV. SeB. 11. or from Tables fram'd 
by the Afhronomvrs for this Purpofe ; and having 
chefe twoy viz,, thofe Points of the Ecliptic in 
which this&4r rifes or fets with the Suni and 
the Akitodeof the Nonagefime ^ or the Inch'nation 
of the Planes of the Ecliptic and Horizon to thefe 
Points Rtfing or Setting : In the Scheme annex'd, 
Let Hb r reprefent the Horizon^ e bfc the j^^g^ ^5^ 
EvUptiCy Vrfn a Vertical Circle, in which / the 
•SSe/i^ is deprefs'd 12 Degrees below the Horizon; 
b being the Point of the Ecliptic where the Sun is 
vdienthe 5ifjr rifes or fets with the Sun: Therefore 
in theTriEngle^r^Right-angrd at r, we have 
rj -n Degrees^ the requffite Depreffion of the 
Sun 1)elow the Horizon to free the Stat from his 
Rays, or the Point the Sun muft be in to a Star 
-vhichTtfes or fets with the Point of the Ec//A^/c 
art ^ CO makeit firft Heliacallj vifiWe when it rifes, 
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or from v^hich it difappeiwiVhen it kts HeliacaBj; 
fb r th€ Altitude of the Nonagefime^ or the Incli- 
nation of the Planes of the Ecliptic and Horizon: 
and the Angle at r Right, as formed by the In- 
terfedlion of a Vertical Circle and the Horizon: 
And confequently may eafily find ^/ the Arch 
of the Ecliptic, which the Sun mud run from the 
Time that this Star rifes with him to its Heliacal 
Rifing, if ^ is the Point of the Ecliptic with which 
it rifes; or the fame bf the Afch of the Ecliptic 
which the Sun muft have run from the Time 
when the Star fet Heliacally to its Setting with the 
Suny if b is the Point of the Ecliptic with which 
the Star fets. Which in the former Cafe, added 
to the Point of the Ecliptic in which the Sun i^ 
when the Star rifes with him, gives the Point he 
is in at its Heliacal Rifing : And in the latter 
Cafe, fubtraEled from that Point of the Ecliptic 
the Sun is in when thtStar fets with him, leaves 
the Point he is in at the fame Stars Heliacal 
Setting. And knowing the Times when the Sun 
is in thofe Points of the Ecliptic from the Solar 
Theory^ we have thofe of the Star's Heliacal Ri- 
fing and Setting. 

Scholium. The antient Greeks and Romans 
made ufe of ^ mix d Luna- Solar Year, which was 
not fo well adjufted to the Tropical Year, but 
that fometimes in their Reckonings they were 
before, and fometimes after the Tropical Time : 
And whereas the Returns of the Seafons do not 
depend upon any erroneous Calendar^ but upon 
the Approaches of the Sun to the Tropics or the 
EquinoSial Points ,• therefore to determine the Ap- 
.proaches of the Seafons proper for the Affairs 
(whether Ruftic, Religious, Civil, or Militarv) 
to be tranfa&ed in them ; they made ufe of fome 
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of thefe RfiingiW' Settings (» tnVprm^^ Fixi 
Stars^ as Criteria, by which to judge of the Com- 
mencements of the Seafonsthey were to treat of. 
This every one knows, who is in any meafure 
acquainted with the antient Poets, Natural Hi- 
ftorians. Writers de Re Rujlica, Sec. And if wc 
wou'd know whether any antient Author is accu- 
rate in his determining the Rifings or Settings of 
any Ftx'd Stars, and what forts of Rifings and 
Settings he refers to : Having the Longitude and 
Latitude of an affign'd Star^ to the Time refer- 
ed to by that antient Author, (which may be 
had from its prefent Longitude and Latitude, 
their Latitude continuing always invariably the 
fame, and their Longitude being now yo Seconds 
forwarder for every Year of the Time elaps'd 
'cwixt that the Author refers to and the prefentj 
together with an Ephemeris of the Suns Motions, 
calculated to the Times the Writer we refer to 
liv'd in, in the Julian Year extended backward 
as far as requifite : If the Writer gives us the 
Day of the Roman Year, and the Rifing or Set- 
ting of the 5>^r in an affign'd Latitude, we muft 
feek in the antient Ephemeris the Suns Place to 
that Time, and the Point of the Ecliptic which 
rifes or fets with that $tar\ and comparing the 
Suns Place at that Time with that Point of the 
Eclipticy according to the Direftion of the two 
preceding Problems, we fhall find what kinds of 
Rifings or Settings this Author muft mean, and 
whether he is accurate in his Determinations. 
Hence alfo we may learn the different Times ot 
thefe Rifings and Settings of the Stars at this 
Day, from thofe affign'd 'em by antient Au- 
thors, &€• But thefe Things are in fome meafure 
by the bye beint» only hinted to ftiew the prin- 
cipal Ufe of thefe two la ft Problems^ as they are 
fubfervlcnt to the full Under anding of innu- 
M 3 merabe 
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merable PaiTages of the AficienMr relacing to the 
Rifings and Settings of the principal iSjr'^ Stars; 
by which they determinM the CommeaceHieQts of 
the Times fee apart for thefe or thofe Religious or 
Political Ufes,aod ofthcSeafons proper for this 
or that part of Agrieulture, &c^ He who wouM 
fee this Subjed treated at large, may confuk the 
latter end of the Third Book of Keplir*$ Epitome 
0fthe CoperHican Aflnmomyy ifompag. 372 to 398 in- 
cluiive* 

FjlOBtZM IX. 

To fohe any of the preceding Problems^ which we 
have folvd en the Stercographic PrcjeSHon of the 
Sphere upon the Plane of the Ecliptic, upon a like 
ProjeHion on the Plane of the Solftitial Colure. 

Solution. 

Firfi, T E T the Firfi Problem of the Firft Scaioa 
i J of thisChapter, which I have already 
folv'd upon the Plane of the Ecliptic^ be rcquir*d 
to be foiv'd upon the Plane of the Sol/litial Colure : 
y^J- 35- TksLt Problem requires, *' That having die Dior's 
^' Place in the Ecliptic y and the Inclination of the 
*' Planes of the Equator and the Ecliptic to each 
" other; we find out his Right Afcenfion from 
** the Firft Point of Aries, his Diftance from the 
" North Pole of the World, and the Angle which 
'* the Meridian paffing through the &fn at that 
*' Place makes with the Ecliptic :** Which may 
be difcover'd in the Proje&ion upon the Plane of 
the Solfiitial Colure^ after, the following manner. 

Let the &in be fuppofed in the Fivfi Point of Ge^ 

mini, therefore ia the Figure it will be at n in the 

Rcprefentative of the Ecliptic ©TV: Through 

which and the two Poles of the Equator p v a 

% great 
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gre^t Circle being Aruc)(^ J^^Y(/U ^"^ off V f the 
H^ight Afcenfion of the .Skjj ip'thc Firft Poiat of 
Geminiyf |[ bejng its Dedination Norths Up its Di- 
fiance from the Pole ; and f n T the Angle which 
the i9/md!rVi7i pa$qg through the Sun in this Place 
makes with the EcHftic. And furfl^ for T ?; a 
Ruler Uid upon ^ and 9 will cut the Solftitial 
Colqre at the Point r, making t 7 equal to th« 
Arch of the Equator which T f reprelents ,• and 
therein giving us the Right Afceniion of the Sun in 
the Firji Point of Gemini i by Prop. I. Sett. III. 
CA^. II. Secondly y for f n or Vi pi the Centre of 
the gre^t Circle pi ^ being found at %, its In- 
clination to the Plane of the Projedtion may be 
found i by Coroll. ad Prop, lit SeEi. II. Cap. IL 
and its Pole which falls within that Plane by 
Lemma }. SeSi. III. Cap. II. Which being had, we 
are enabled to difcover the Value of 9 ^ the De^ 
clinatlon of the Suq in this Point of the Ec-iftic ; 
by Coroll. II. Lemma IL SeSi IIL Cap. II. the Com? 
plement of which to 90 Degrees is his Diftancein 
this point of the Ecliptic from the North Pole 
of the World. And Thirdly, for p U ^, or its 
Alternate V" n ^, the Angle which the proper 
M^i4ian to this Place of the •?«« makes with the 
Ecliptic; if we take the Reprefentative qf a Qua- 
drant of the Circle ^ ^ «' from n to J, and 
another in the Ecliptic from II towards yp ; and 
through thefe two Points and the oppofite Point 
to that found in the Ecliptic ftrike a great Cir- 
cle I having its Centre, we have its Inclination 
to the Plane of the Prcjedion, and its Pole within 
that Plane, aqd by that we are enabled to find 
the Value of the Arch intercepted 'twixt the Point 
at J and the Fhfi Point found in the Ecliptic ; or 
of the Angle 9 n r, which the proper /V/m- 
dian paffing thro' the Sun in the Foft Point of 
Gemini fn^\it^^ \vithhe Ecliptic. 

M 4 Secondly^ 
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Secondly y l^wt laQ^Thtrd Problem of the Ftrfl 
Settion of this Chapter be requir'd to be folv'd 
upon' the Plane of the Solfiitial Colure: That Pro- 
^/ifw requires, '* That having the Right Afcen- 
'* fion and Dech'aation of two Rx'd Stan, and 
** the Diftance of a third, whether Flix^d Star or 
** Planety from each of them ; we find out the 
^^ Right Afcenfion and Declination of that i^x'J 
•* Star or Planet \* Which Problem may be folv'd 
upon the Plane of the Solfiitial Colure after the 
following manner. 

Having the Right Afcenfion and Declination of 

z Star^ 'tis eafy to lay it down upon the Piano 

of the Projedion : For Inftance, the Star at U ; 

for knowing its Right Afcenfion, we know how 

many Degrees ic is diflant in the Equator from 

the Lafi Point ia K ; which laid off from the 

Centre of the Prcje&ion in the Reprefentativc 

of the Equator to k, gives us the Points p, 

H and t^ through which to firike the Circle of 

Right Afcenfion proper to this *S>^r ; and having 

its Circle of Right Afcenfion, we have the Diftance 

of the Centre of that Circle from that of the 

Projeftion, its Inclination to the Plane of the 

Pr(jV6tion, and its Pole which falls within that 

Plane ; fron^ which and the Starts Declination 

known, we may difcover the Arch of the Circle 

of Right Afcenfion reprefeuting that Declination; 

rnd ronfequently may projed the Star atTt itfelf. 

And after the fame manner may we projeS the 

Star at ?. Or if we projeft the Parallel of the 

Peclination of either of thefe A^irx, it will cut 

their Circle of Right Afcenfion in the Point 

where each Star is to be Projected. 

And having the two Fix^d Stars from which 
(for inftance) the Moon is Obferv^d^ Jaid do\^ n 
upon the Plane of the Prcje6ion ,• if we flrike a 
great Circle through the two Stars ^l % and 5, 

and 
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andthePoiac of the Circle of the Right Afcen- 
fion of (for Inftance^ the Star it 5 oppofite to 
that where the Star is, viz^^ A i it will b^ AX 5 5, 
having the Point at iT" for its Centre : In which 
it is eafy to difcover, by the Rules already laid 
down and fo often refer'd to, its Inclination to 
the Plane of the Projeftion, and its Pole within 
that Plane ; and and confequently the Value of the 
Arch X 5, or the Diftance of the two Stars from 
each other. 

Let this New Circle be taken for a Primitive^ 

and let the Moon ^e obferv'd 40 Degrees ditlant 

from the Star at , and 30 Degrees from that 

at 2. If we take the Point at % in this New 

Primitive Circle for the Pole of a Lefler Circle 

perpendicular to its Plane, 40 Degrees diftant 

from that Pole ; and projeft that Lcffer Circle 

according to the Direftions of Prop. II. SeEl. II. 

Cap. II. laying off the Secant of 40 Degrees^ to 

the Radius of the New Primitive, from VtoD; 

and making the Radius of the Lefler Circle equal 

to the Tangent of the fame Arch ; we (hall find 

FHG as much of this Lefler Circle as falls 

within the New Plane of the Projeftion; In fome 

Point of which the Afoo»*s Place in the Projeftion 

will be found ; as (he is 40 Degrees of a Great 

Circle of the Sphere diftant from the Star at % , 

and confequently in a Parallel 40 Degrees diftant 

from that Star aflum'd as the Pole of a Great 

Circle; and as F/?(7reprefents fo much of fiich 

a Parallel as falls within the Plane of the Pro- 

jedion. ^ 

And if we take the Star at 5 for a New Pole 
of a Lefler Circle perpendicular likewife to the 
Plane of the Projeftion, or Parallel to a Great 
Circle which is perpendicular to it, the Lefler 
Circle being 30 Degrees diftant from that Pole; 
and projed that lefler Circle after the fame man- 
ner 
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ner that we did the/crmer; we jhall find fomuch 
of it as falls within the Plan^ of the Projeidioa to 
be reprefented by iSC > M: In fome Point of 
which alfothe Moon^s Pl^ce in the Projcftion will 
be found; as (he is 30 Degrees oi^ Great Circle 
of the Sphere diftant from the Star at V ; and as 
all Parallel Circles cut off Arches of the Great Cir- 
cles which pafs through their Poles equal to their 
own Diftances from thofe Poles, and coofequently 
their Reprefentatives mud do fo by the Kepre* 
fentatives of thofe Great Circles. And if the 
Mion is to be found in the Parall^t F HQ^ and in 
the Parallel K^ M ^t the fame time, (he mud 
be in the Pqipt of their laterfediop, viz.^ at the 
Point > . 

And having the Afo^'s Place in the ProjedioUj, 
if we ftrike a Circle of Right AfcenHon through 
the two Poles of the World /» and r, and the Point 
at >| where fbe is found; we may eafily find 
her Right Afceniion and Declination to the Time 
when (he was obferv'd at the fore-nnention'd 
Piftances from the t^o Star^ given. As every 
one muft fee without any neceifity of my fpeci* 
fying the Procefs in this Place. 

The Reader who underftands how this Problem 
is projeded in the Plane before us, cannot be at 
a lofs to difcover how it might have been pro* 
jefled upon the Plane of the EcUptk : I chofc not 
to projeft it there, becaufe it would have rendered 
the Scheme too confufed and iqtricate: Neither 
do I complete the Triangle made by the Moon 
and the two Stars here ; becaufe after her Place in 
the Projedion i% found, her Right Afcenfion and 
Declination, or her Longitude and Latitude, may 
be eafily determin'd without it, Thofe who have 
a mind to doit, may eafily ftrike a Great Circle 
through the Moon, the Star zi %^ and the Point 
in the Great Circle A% B oppofite to that in 

which 
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which the Star at ¥ is placMi and another 
through the iMboir, the Star at^ 9^ and the Poinc 
io the Circle A 9 B oj^fite to that in mrbich 
the Siar at 9 is found } and the thing is done. ^ 

Thkdlyy Let the Third Probhm of the Sfconi 
Se&ion of this Chapter^ v^hich I have already 
foIv*d upon the Plane of the Ecliptic^ be rcquir'd to 
be folv'di^on the Plane of the SolftitialColure. That 
Problem requires, ** That having the Sun^s Place in 
^^ the Ecliptic y2kVkd his Declination from the Equator 
'^ in that Place; together with the Latitude of 
*' the Place we are in, and his Diflance from the 
** Vertex by Qbferv^tion ; we find out the Time of 
^^ the Day when that Obfervation was made, and 
*^ the Az^imuth the Sun was then upon/* Which 
Problem mzy be folv'd upon the Plane of the Sol* 
fiitial Cobirt after the foUowing manner. 

Let the Sun be in the Firfi Point of Cancer, and 
$bfervd 40 Degrees above the Horizon, or 50 ZJtf- 
greex diftant from the Vertex: Ashe is in the 
Fir/l Point of Cancer, his Semi-diurnal Parallel is 
tg n«; and as he is 50 Degrees from the Vertex^ 
he is in a Parallel of Altitude which is (o far 
diftant from the Vertex as its Pole,- which being 
Perpendicular to the Plane of the ProjeSion, is 
projeficd (according to the Direftionsof Prop. II. 
Se£i' IL Cap. II.) into a Hz i and if he is in both 
thefe Parallels^ he muft be in their Point of 
Interfedion, viz. at 0. And having thus got 
the Place which the Sun is in, if we ftrike an 
Azimuth Circk through that Point and the two 
Poles of the Horizon V and E, it will cut oft' an 
Arch of the Horizon, which meafur'd, will give 
us his Amplitude from the Eafi towards the South, 
if the Obfervation is made in the Morning ; and 
from the Weft towards the fame, if it is made 
in the Afternoon. And another great Circle firuck 
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through the Poles of the World and the fame 
Point, (viz,.p © »)Vili cut off z, ain the Repre- 
fentative of the Equator; which meafured, and 
turn*d into Time, will give us the Time before 
or after Noon, (according to the Time when we 
made our Obfervation) when the Sun is 50 Degrees 
from the Vertex, or 40 Degrees above the HorizA^n, 
in the Firfi Point of Cancer. 

Q: E. P. 

Scholium i. After the fame manner may we 
difcover the Time of the Day, and the Az^imuth 
the Sun is upon at that Time, from his Obfervd 
Diftance from the J^r^^x, and the Latitude of the 
Place we are in, in whatever Poinr of the £f//^^/V 
we meet with him : For knowing the Declination 
of that Point, and projeding the Parallel of that 
Declination ; and knowing the Sun^s Height, and 
Prcjefiing its Parallel ; thefe interfeft each other 
in his Place in the Projedion; through which 
and the proper Poles ftriking a Vertical Circle, 
and a Circle of Right Afcenfion, they give us 
the Arches in the Ihrix/)n and the Equatw, which 
enable us to determine thefe Particulars. And 
in like manner may we folve any other AJlrono- 
mical Problems upon this Projeftion : Thus if we 
would know at what Time the Sun rifes with us 
in the Firft Point oi Cancer, and the AzJmuth which 
he rifes upon; as he rifes then at £, the Arch 
T c determines the Point of the Compafs from the 
Eafi towards the North which he rifes upon; 
and the Angle T ps^ or the Arch T k turn'd into 
Time, lets us know how much before Six he 
rifes in the Morning ; both which may eafily be 
had : and after the fame manner may we know 
when and upon what Point he fets. If we wou'd 
know upon what Azimuth^ and at what Diftancc 
from the Vertex the Sun is (when in the Frrft 

Point 
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Point of Cancer) at Six in the' Morning; as he is 
then at 2 in the Six-a-Clock Hour-Circle, a Circle 
ftruck through that Pont and the tvvo Poles of 
the Horiz^on will determine the Az^imuth he is then 
upon ,• and finding the Pole of that Circle which 
falls within the Plane of the Projeftion, we may 
eafily difcoyer the Value of that Arch of it which^ 
is intercepted *cwixt the Sumt 9 and the Horiz^on^ 
the Complement of which to 90 Degrees is his 
Diftame from the Vertex at that Time: And 
the fame Procefs will tell us upon what Azimuth 
and at what Diftancc from the Vertex he is on 
the fame Day at Aat in the Evening. And in 
like manner may the Reader proje6t and folveariy 
other Aflrominical Problem whatever, rcfulting 
from the Diurnal Motion of the Earth upon its 
own Axis^ 8cc* upon this Plane : Or upon the 
Plane of any other Great Circle whatever which 
the Sphere fliall be either Orthographkally or Ste- 
reographically projeded upon. I have given no 
Inftances of the Solutions of any Problems upon Or- 
thographic Projeftions, becaufe of the Difficulty of 
Drawing xhtElUpfes with fufficient Accuracy 
by which they muft be folv'd : But the Intelligent 
Reader muft be able to do it for himfelf by this 
time ; and to folve any Problem of the Sphere upon 
an Orthographic Projedion upon the Plane of the Sol- 
ftitial Colure, as well as upon a Stereographic Pro- 
jedion of it upon the fame Plane. And he who 
can do all thefe things, viz,. Solve any Afironomi- 
c/z/ Problems affignable, upon any either Orthogra- 
phic or Stereographic Projedion of the Sphere upon 
the Planes of ar^y of its great Circles, muft be 
own'd to be fufficiently acquainted with the Ufe 
of the Projedion oi the Sphere in Planoy in the So- 
lution of Aftronomical Problems. 
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Schol. !• From what has been faid, it were 
cafie to deduce the Projeftion of all the reft of 
the Cafes of both Right and Oblique-angkd Spherical 
Triangles, as well as thofe which we have hadocca- 
fion for : As every one maft fee, who is throughly 
acquainted with the Contents of the preceding 
Chapter, and the Application of tfiemtn this. 
I have not room to do it here ,• but muft leave it 
%an Exercife to the Intelligent Reader^ who 
has either occafion for, or tabss delight in thefe 
Matters. 
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C H A P- IV. 

^e Ufe of the Troje^ion of the 
S P HE RE in Piano, in the 2)eli^ 
neation ofM A Ps of the World, 
or of particular Countries 5 and 
in the Solution of Geographical 
Trohlems. 

AS G * o G R A i> H T, in its litmoft Lati- 
tinte, has for its Objefttio left than 
the Figure andMagnitudeof thcE^rrA 
wc live upon ; its Motion, and Pofi- 
tion with refped to the other Bodies ^t meet 
t<rith in the great Syftem of t\tc World \ tht Mat^ 
ter it is tftiide of, ^nd th'e Extent, Pofition, &c* 
of the Solids and Fluids "which compofe its Sur- 
face; the different Lengths of the Days and 
Nights, Variations of theSeafons, tire, infeveral 
Parts of it.- In which Cafe It tabes in a great 
part of Spherical AflronOtny^ Natural Kiftory^ A&- 
teorology^ Natural Philofophyy and the lilre. And 
as in a more reftrain*d and ftrifter Senfe, the 
Lands and Seasy IJlands and 'Continently Cities and 
Countries^ &c. which we muft meet with upon the 
'Surface of our lEarth^ with their refpedive Ex^ 
tents, and the Situation of all or any of tKefe 
Vrith rtfpeft to ^ach othier, or to any Point or 
Line either upon the Earth or in the Heavens^ 
with which they may all be compared, are its 
'Principal Objefi: In which Cafe alfo, as far as 
any Places upon the Earth are compared, with 
refpeft to their Sitaation, a^tid the Thmomen'a 

thence 
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thence refulting, with the Sun, or any other 
Points in the Heavens, the Geographer is forced 
to have recourfc to Spherical Aftrommy for the 
Solution of a great many /^roW^ww relating to the 
Lengths of the Days and Nights, Rifings and 
Settings of the Stars, &c. which are proper to 
thofe Places. So, in the ftrideft fenfe of all, the 
Lands znd Seas, IJlands and Continents^ Cities and 
Countries, IJlhmus^'s, Mountains, Peninfula^s, &c. 
to be met with upon the Earth*s Surface^ with 
their refpedive Extents, and the Situation of all 
or any of them with" refped to each other, or to 
any Point or Line upon the Surface of the Earth 
with which they may all be compared, are the 
principal Objeft of Geography froferly fo coined. 
And in this fenfe I fhall take the Objed of Geo^ 
graphy in this Place : Having already, upon the 
Projeftion of the Sphere in Piano, folv'd the prin- 
cipal Problems relating to any Places upon the 
Surface of our Earthy compared as to Situation 
with the Sunj or any other of the Fix^d Stars 
in the Heavens. And, in order to (hew the Ufe 
of the Projedion of the Sphere in Piano in the 
Delineation of Maps of the World, and of parti' 
cular Countries, and in the Solution of Geogra- 
phical Problems^ I mufl: aiTume the following 
Pofiulatum. 

Postulatum; 

The Earth is of a Spherical Figure: Or, the whole 
Compages of the Terraqueous Syftem, of which our 
Earth is composed, is jorrnd into one large 
Sphere* 

Scholium. The Sentiments of fome of the an- 
tient Philofophers, with relation to the Figure 
of the Earthy nay, and of fome of the old Fathers 

too 
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too, were very extravagant and abfurd : But all 
the Marhemaciciatls from the earlieft Antiquity 
down to thefe prefent Times have unanimoufly 
agreed, that it is o( 2l Spherical Figiwe. The Ar- 
guments for this Hypothecs may be feen in a 
great many Authors, and therefore need not be . 
repeated in this Place : I fhall only obferve here. 
That by the late great Difcoveries in Natural 
Philofophy, it appears, that the Earth is not a 
perfeft Sphere, hut an Opiate ^ Spheroid^ or fach a 
Solid as is generatfed by the Circumrotation of 
an ESipfis uport its (horter Axis ; having its Equa^ 
loriai Diameter fomethiiig longer than the Axis of 
its Diurnal Circumvolution. However, in Geo*- 
rraphy we may confidet it as a pcrfefl: Sphere^ 
:hat little which ft deviates from it beirtg of no 
Confideration ift Geographical CalcuUtions, and 
look upon it as truly reprefented by what we 
:all the Terreftrial Globes with all the Lands aiid 
Seas defcrib*d upott them. And thus confidering 
t, it will be cafy to fliew the Ufe of the Proje- 
Sion of the Sphere in P tarn in the Delineation of ^ 
Maj^s of the World, and of Particular Countries i 
md in the Solution bf Geographical Problems* 

S £ C T. L 

the Solution of fuah Problemi^ as relate to the ^^^ j^ 
Delineation o/.Maps jof the V/orld, or ^/par- 
ticular Countries, upon a ProjeSiioii of the 
Sphere in PlartQ. . . ; 1 



PkOBI»3BM I. 



^iavhig: the tof^i^de and Latitttdi '^df ' any Place 
uhH the Surface if ih^ Earth r 'IhlfiH^ out its 
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Placi in th£ Stereographic Pro}e£iion of tht 
Sphere upon the Plane of any one of its great 
Circles, 



Inftai 



Solution. 

E T the Sphere be projefted upon the Plane 

of the Meridian ot the Place we live in, (for 

Inftance, upon that of the Msridian of London-,) 
fig^ JO. and let the Projeaion, Ftg. 30. reprefent the Plane 
of our Mnridiau with the Sphere projcfted upon it, 
according to the Directions of the Third Example, 
SeSi. IV. Cap. II. then will the Place of London^ 
in this Projeftion, bcL found in the great Circle 
Tft^w: Andp rcprefenting the North Pole of 
the Glote, and London being 38^ a8' 00'' from 
that Pole ;^ the Chord of 3 8*" 28' 00" to the Radius 
of the Projedion, laid ofif from p to I, gives L 
the Place of London. Let it be required to find 
out the Place in the Pro jefltion of Vienna in Aufhia^ 
whofe Latitude (according to Monf. de la Hire's 
Catalogue) is 48" 22' 00'' North, and the Dif- 
ference of Longitude 'twixt it and London is 
170 07' 10' \ Vienna being fo much Eafierfy of 
London: The Circle of Longitude therefore of 
ViennabcingJhclii^d to thcFlsLuc of the Proje&ion 
17* 07' 30", the Tangent of 17*^ 07' 30'' fet off 
from a to jr, gives q the Centre of the Circle of 
Longitude of Vienna i by. Prap. IIL SeSf. II. 
Capf IL An4 as that great Circle paflfes through 
both the. Poles of the Gloh, and confequently its 
Reprefentative through both theirs, the Circle 
pr^ is the Circle or Longitude of Vienna^ in 
fome Point of which confequently that Place is to 
' be found: In order to which) I have aflum'd, 
that the Latitude of ^^«iw is 48° 22' 00" Nonbt 
or that it isfo far diftant. frofld die J^qu^or- repr^* 
lented hy.T s ^^ init$ Qvcl^ofLongitij^dcp r «» 
rcwixc r and^. The Sole of this Circle oi Lon- 
gitude 
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gitude which falls within the Plane of the Pro- 
/edjon, is diftanc from the Centre of the Pro/e- 
dion 08' 3 j' 45" i by Lemma 1. SeB.lllCap. 11. 
the Tangent of which, to the Radius of the Pro- 
jedion^ fet off from a to g, gives g that Pole ; 
from which a Line drawn to the Point x, whidh 
is 48** 22' 00" diftant from the Point ^ in the 
Ecjuator^ will cut the Meridian of Vienna in the 
Point -z;; which is the Place of that City in this 
Projection : v r being the Reprefentative of 
!f8*' 22' Co" of its Meridian y by CorolL i. ^2^ 
Lemmalh SeSl. 111. Cap. II. 

Scholium i. In like manner hiiift the Reader, 
i^ho throughly underftands the Second Chapter of 
his Book, be able to foive this Problem upon the 
?rojeaion of the Sphere upon the Plane of any 
)ther of its great Circles. I have inftanc'd in the 
?lane before us, betaufe *tis the Plane of fome 
Meridian or other that moft of the Maps of the 
Vorld are drawn upon ; as the Pofitions of all 
he Countries upon the Surface of the Globe, with 
efpeft to each other, are beft reprefented upon 
hefe Planes. And from this fingle Problem the 
Reader muft be enabled to draw^ a Map of the 
Vorld upon the Plane of what Meridian he is wil- 
ing to make choice of; for Inftance, that of 
London : For as we have found the Place of 
yienna'i after the fame manner may we 6nd the 
Haces of any other Cities, Towns, Forts, Pro- 
aodtorieS) ^c. whofe Longitudes and Latitudes 
ire known; in either Hemlfphwe, which is made 
>y the l?\zn^ oi thfi Meridian oi London; as every 
me muft fee, without any further lUuftration of 
he Matter. The Reader muft alfo hence he ac^ 
]uainted, what are the grand Requii^teshy which 
v^e are enabled to drtw^Krvi^MafAVi^ 

N 2 or 
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or to reprefent the whole Surface of the Earth 
upon a Plane, as it /hall appear upon the Plane 
to the Eye in one of the Poles of whatever Kr)? 
Meridian we pitch upon, 1//2:,. an accurate Know- 
ledge of the Longitude and Latitude of all the Re- 
markable Places upon the Surface of the Earth. 
How to get the Latitudes of all Places, I have 
taught in the preceding Chapter; and how to 
find their Longitudes, or the Diflferences of Meri- 
dians 'twixt them and any Place ailignable, (hail 
be fliewn in the fucceeding part of this Chapter. 
In the mean time, it may not be amifs to take 
notice in this Place, That as the Knowledge of 
the Longitude and Latitude of any Place is re- 
quifite, before we can point out that Place upon 
any general Af/i/jfo, till we know thefe Things ac- 
curately of all the Remarkable Places upon the 
Surface of the Globe, our general Mafs of the 
IVorld muft be incomplete; and as we are hither- | 
to very much wanting in thefe Particulars, our j 
general Mafpografhy mud accordingly be very 1 
inaccurate. And whereas if we keep our Ejt 
always in the fame Pole of the Plane of that 
Meridian upon which we projed the Sphere^ aod , 
with the£;^^ in this Pofition delineate the Re* 1 
markables on the Surface of the Earth upon that i 
Plane ; the Hmifphere made by this Plane next | 
to the Eye will appear monftroufly difproporti- 1 
onate to that which is oppofite to it, in the J 
Plane of the Projedion, and that the more fo, 
the nearer the Places to be proj[efted to the £k, 
fo that fuch Places as are very near it are pro- 
jefted at an immenfe Diftance from the Centre 
of the Projeftion. The Geographers^ to remedy 
this Incdnveoiency, generally projed one Hemi- 
Sphere of the Gkhe with the Eye in one of tbt 
Poles of the ^f^ Circle whofe Plane they projefi 
itupon^ and the other wich the Eje in the op 
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pofite Pole of the fame great Circle, vlx,, the oppo- 
fite HemiffheressN ith the Eye in the oppofire Poles 
of the great Circle upon whofe Plane the Pro- 
jedion is drawn ; by which means the Whole Sur- 
face of the Earth falls within the Primitive Circle ; 
and is much more ea(ily delineated, and the Situ- 
tions of its Parts with rcfpeft to each other are 
much better apprehended, than if they were to 
keep the Eye wholly in one Pole of the great Cir- 
cle upon whofe Plane they draw their ProjeSion, 
and thereby were to run out in the Delineation of 
thofe Parts of the Globe dear the Point where the 
Eye is placed to an almoft infinite Diftance from 
the Centre of the Projeftion. Indeed, when little 
more than one Hermfphere of the Globe is re-* 
prefented in a Mapy they keep their Eye in the 
fame Pole of the great Circle upon whofe Plane 
the Projedion is drawn; but never in Maps of 
the Wwldj by reafon of the aforefaid Inconve* 
niency : The whole Sphere of our Earth being 
always by them divided into two Hemifpheres^ 
of which the one may be conceived asrepreifentcd 
on one fide, and the other on the other (ide of 
the Plane of that Meridian which we make choic^e 
of to projeft the Sphere upon. And the fame 
Method is obfervM if they draw a general Map 
of the World upon the Plane of the Equator ; 
which is often done, in order to give us a more 
accurate Idea of the Situation of the Circumpolar > 
PsLTts q( the Earth. 

Schol. t. After the fame manner as we difcover 
the Points in the Plane of the Projeftion where 
any Places upon the Surface of the Earth will fall 
from their Longitude and Latitude giyent we 
may find out like Points in z like Projedion of 
the Sphere where any Fixd Stars will fall, if 
vre have their Right Afcenfion and Declination; 
N 3 or 
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or by their Longitude and Latitude we may do the 
fame ; as every one muft fee, who is Mafler o£ 
this Problem^ or of the preceding Chapter. So 
that general Maps of the Heavens are drawq 
after the fame manner as general Maps of the 
Earth, And for the former, we are furniihed 
with much better Materials than for the latter : 
For whereas in Geography we are acquainted with 
the Longitudes and Latitudes of; comparatively, 
but a few of the Remarkable Places upon the 
Surface of the Earthy and amongft thofe which 
we are acquainted with, a great maoy arc not 
well known with fufficient Accuracy, which makes 
our Maps and Globes of the Earth fo incomplete 
as they are at prcfent ; in Afirommy the Cafe 
is quite Qtherwife ; the greateft of Aftrommersy 
our excelknt Mr. Flamfieady having by incredible 
Induftry and Accuracy determined the Right Af- 
ceniions. and Declinations, Longitudes andLatif 
tudeSi of all the Remarkable Fixed Stars which 
appear above our Ifyrit^on^ from the beft Oiferva-r 
tions that ever were made; and the ingenious 
Mr. HaBeyy having given us a Catalogue of the 
Places of thofe which never appear to usi by rca- 
fon of their Nearncfs to the Southern Pole : Which 
laft C/^akguej if done with h'ke Accuracy ao4 
ExaAnefs, may be look'd upon as a Supplement 
to Mr. Flamftead's : And from both together we 
may eafily frame perfeft Cekftial Globes inflead 
of thofe erroneous ones which we have atprefent, 
and fuch general Maps of the Heavens as the 
World has not hitberp been prpvide4 with'« 

SchoL 3, H we have a mitid to draw Maps of 
particular large Countries^ or of any Number of 
ConfleBations ia the Heavens y they may be done 
after the fame manoer with the general ^^j} 
Aat Hemifpbere b^ing pro/e^e4 wkbio which 
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they fall, and one of the Extremities of thofc 
Countries, or the Firft fijc^d Star in thofe Con- 
ftettatkns^ being laid down according to their 
Latitude and Right Afcenfion (for Inftance) in 
the Limb of the Plane of the Projedtion : For 
having the DiiFcrences of the Meridians ^twixt all 
the Remarkable Places in thofe Countries and 
that /fry? laid down i and the Diflcrences of Right 
AfcenHons of all the Stars in thofe Cor^ettations i 
we may eafily projeft 'em, after the fame man- 
ner as we find the Place of Vienna in the prefcnt 
Problem. And thus may we projeft any part of the 
Earthy or the Heavens, upon the Planes of any 
other of the Great Circles of the Sphere, as well 
as upon what I have inftanced in } in like 
manner as we can folve the Problem before us 
upon the Plane of any other great Circle of the 
Sphere, as well as upon that of the Meridian* But 
this the Reader, who underftands Prob. IX. Cap. 
IIL with its Solutions, muft be fufficiently fenfible 
of. 

Schol^ 4* As to the Methods of drawing Maps 
of particular fmall Countries, they do not come 
diredly under my Confideration in this Place* as 
they do not depend upon a Refult from the 
Projeftionofthe ^A^r^ /n Piano: For every fmall 
Country is taken by the Mappographers for a 
Plane, as that Part of the Surface of our Earth 
which it comprixes diflfers very little from one ; 
and that the lefs, the fmaller the Country to be 
defcrib'd. And having the Length, Breadth, Fi- 
gure, (re. of a Plane Country, and the Bearings 
of it^ Rem:arkable Places from each other, with 
their Diftances^e^c. it is eafy toreprefent them 
in whatCompafs we pleafe, according to what 
Scale we make choice of ,* by i8 VI. Eticlid. 
^tti;opon this Sub}e0^, the Reader, who isunac- 
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quaiated with thefe Matters, may confult Vareni 
Geograpb. fag. ^66, 467, (Jtc. Edit, Newtonian. 
where he v^ill alfo find Geqer^l Mappography treated 
at large before the particular Part. What has 
been (aid here upon general M^PP^S^^ihyy together 
vrith a thorough Under {landing of the Second 
Chapter of this Book, J look upon as fufficient 
to enable any one to draw general il/a/^j of the 
Earthy or of the He^ivensy upon th$ Pl^ne of any 
one of the ^r^/jt Circles pfthe Spf^erCy as alfo MapJ 
of particular large Coiintries^ or Conftellations : 
And upon what Planes they are reprefented the 
heft, tho' I have fofficiently hinted, I had rather 
the Reader fiiould difcover upon his own Trial ; 
becaufe he will then not only be acquainted with 
.the thing, but v^ith the Rpafoq of it at the famp 
Time, 

Problem II, 



/ , 



Jflaving any number 0/ Places projeUed upon a Gene- 
ral Map of the World ; to find out the Latitudes 
ofthoje Places .and their Difference of Longitude one 

t from another. , 



I] 



S o t u T I p N. . . 

E,T the two Places refer'd to in the preceding 

i Problem, viz. London and Vienna^ be tbofe 

whofeLatitudipsand Diflferience of Longitude are 
, required; l\it one being found projefted in the 
Point hi and the other at v : ^Tis plaint that 
fig' 30* the Place oi hondon being \n thp If^rnb of the 
Proje£liop, in this Cafe the Sphere is proje^e^ 
upon the Plane of its Mfrldifln; and if we ppeo 
cur SeSfm^ to the Radius of our ProjeSjon> and 
taking the, Arch t^j^ betwixt our Compares, 
ipeafureit ppoptbc'Mpe of^ 0ords^ yfcjhil^ fyid 
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the Latitude of London^ in this Projeftion, to be 
ji"" 32' 00". And if thro* the Place of J^tenm 
^iVj and the two Poles of the World p and ^, 
weftrike z great Circle, by 5. IV. Euclid^ it will 
be the Circle of Loogicude of Vienna^ having q 
for its Centre ; and a q being meafured upon the 
Line of Tangents will give us the Inclination of 
the Plane of the Circle of Longitude of F/>«k/i to 
the Plane of 'the ProjeSion, or the Difference of 
Longitude 'twixt London zxidViennay ij^ 07' 30"; 
by CoroH. ad Prop. III. SeEt. II. Cap. II. And find-. 
ipg the Pole of the Circle of Longitude.of Vienna 
vithin the Plane of the Projeftion to fall upon 
the Pointy, by Lemma I. Seh. III. Cap* II. a Line 
drawn from^ through v to the Limb of the Pro- 
jection, will cut it in X making x ^ equal to 
the North Latitude of Vienna i by CcroU. i. ad 
Lemma II. SeB. III. Cap. III. which meafur'd upon 
the Line of Chords, gives us the Latitude of 
Vienna^ 48* 2 a' 00''. 

Schditm* This Problem is the Converfe of the 
preceding : And after the fame manner may we 
(ind out the Latitudes, and Difference of Longi- 
^ude, of any other Places of a general Map of 
the Worlds the Meridian of whatever Place upon 
the Earth the Mappographer pitches upon for his 
Ftrfl Meridian^ or that upon whofe Plane the Pro- 
je&ion is drawn : For having their Places in the 
Maps^ we may find out their Circles of Longi- 
tude, as we do that of Vienna; and having thofe, 
we may find out the Ipclinations of the Planes of 
tJiofc Circles to that of the Projedion ,• or the 
Difference betwixt theirs and that Firft Meridian 
vhich the Mappographer makes choice of: And 
having their Imlinations to the Plane of the Pro- 
je^ioQ^ W6 n^ay find their Poles \vhich fall withip 
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that Plane; and thence their refpeftive Latitudes. 
And in General Maps of the Heavensy after the very 
fatre manner,we may find out the Right Afcenfions 
and Declinations of any Stars drawn in them ; 
as everyone muft fee, without the help of parti- 
cular Inftances. In Maps of particular Large 
Countries or Celefiial Cotiftellations^ drawn after 
the fame manner, the Methodof Proceeding is the 
fame ; For completing any two or more of the 
Meridians drawn in them, (if they are not already 
completed in the ProjeSion) which is done by 
finding out their Centres, by 5. IV. Euclidy and 
biffefting a Right Line drawn to their oppofitc 
Points of Interfedion, we have the Centre of that 
Meridian on whofc Plane the Afoj&j are drawn; 
from which Centre to each Pole, or Point of In- 
terfeSion, is its Radius ; which Meridian with 
thefe Data may eafily be drawn : Which being 
got, we proceed, as in General Maps of the Earth 
or the Heavensy in inveftigating the Longitudes 
and Latitudes, and Right Afcenfions and Decli- 
nations, of fuch Places upon Earthy and fuch Stars 
in the Heavens y as are markM out upon thofe 
particular Maps, The Reader may only take No- 
tice, That in Maps of particular Countries y \\% 
requifite that he know the Ftrft Meridian which 
the Mappographer makes choice of, which he is 
generally advifcd of by the Artifl^ or which he 
may find out by the Longitude afcribM to the moft 
Wejlerly Place in the Mapy or any other Phce in it 
whofe Longitude is marked out, and by enquiring 
what places upon the Globe have precisely fo 
much lefs Longitude than, or have their Meridians 
precifely fo much Wefterlj of, thofe Places in the 
Maps, ItiMapso^^znicvAzxConfiellationsyXhtKight 
Afcenfions of all Stars are reckoned from the 
Ftrft Point of Aries. If a Map of the JVorld^ 
or of the Heavens^ ict. is prcq'efted upon any 
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)\kiet great Circle of the Sphere; the Solution of 
he Converfe of the preceding Problem upon that 
•rojeftion, will be the Solution of this Problem 
ipon the fame: Which whoever underftands 
he 11^ and IIP Chapters of this Book, partica- 
arly the laft Problem of the IIP Chapter, muft 
>e able to do, without any further lUuftration. 



• «r 



^•^ 



POSTULAT'UM. 

the Diflance 'twixt two Places upon the Earth, 
// meafwr'd by an 4^ch of a Great Cirde paffing 
thro* th( Places proposed. 



Problem III. 

Having two or more Places projeSied upon a general 
Map of the Wwldy and thence the Latitudes of 
thofe Places^ and their Difference of Longitudes 
one from another ; to find out the Diflance of 
thofe Places from each other in Geometrical 
MiUs^ affumirtg 60 fuch Miles to be equal to 
One Degree of a great Circle of the EarthV 
Ghbe. 

Solution upon the Projeilion. 

T E T the two Places rcfer'd to in the pre- Fif jo. 
P i ceding Problem^ viz. London and Vienna^ be 
thofe whofe Diftance is required ; London being 
found projeded in the Point £, and Vienna in the 
Point a;* Now, becaafe the Point £, reprefenting 
Londm^ is in th^ Periphery of the Hane :of Pro- 
jeAion thro' it and the Centres, draw the Dia- 
meter L^ Vt and ^gfeat Circle thro' the Points 
I., Vf and f^i by th9 5* of IV. of UwUd; and 

find 
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find its Pole;', by Lemmal^SeEi. III. Cap* II. a 
Line drawn from y thro' v to the Limb of the 
Projedion will cut it in jc, making z. L equal to the 
Diftance \ys\\t London and Vienna ii"* 32' 12" 
equal to 691^ Gecmetrkal Miles. 

CoroU. After the fame manner may the Diftance 
of any other two Places projeded in the General 
Mi^ be found, viz.. by finding the Pole of the 
great Circle paffing thro trhe Places, and laying a 
Ruler over the Pole and the two Places, and the 
Arch cutoff in the Limb of the Projedion, will 
(hew the Diftance required., 

^trigonometrical Solution, 

i%«37' T^ ^^* '7' '®^ ^ reprefcnt the North Pole, 
X I^ the Place of London, V that of Vtenna, 
f L zn Arch oitht Meridian paffing thro* Londn, 
fVthc Arch of the Meridian of Vienna contained 
between^^the Pole />, and F the Place o( Vienna, 
LV zxi Arch of a great Circle paffing thro' 
Lmdou and Vienna:, then in the bblique-angl'd 
Spherical Triangle pL.f^ are given pL the Com- 
plement of the Latitude olLondon^ or its Diftance 
from the Pole 38* 28' 00"; pV the Comple- 
ment of the Latitude of Vienna, or its Diftance 
from the Pole 41' 38' 00" ; and the Angle LfV 
the Inclination of the Planes of the Meridians 
paffing thro' the two Places, which is equal to 
their Difference of Longitudes 17* 0/ 30"; to 
find th^ Length of the Arch L V^ the Diftance 
requif'd* 

Haying let fall the Perpendicnlar Lr in the 
Rightrangl'd Spherical Triangle Lpr^ are given 
L /Htbc.Hypothenufe 38"* 18' 00", the Angle/ 
17* Q7'' jo''\ whence pr may (^ fouaii> by the 
following. Proportieo. . ^ 



Digitized 



by Google 



. .> ■ 



of the Sphere, in Piano. 1 8p 

R: c.S. Lpr:: T'. Lp: T.pr 
Nowjp y — pr zzz rV 

Again, c.S. p r : c.S. pL:: c.S. Vr : c.S. VL 

R: cS. Lp r 17*07' 30" 9. 980305 
::'T.Lp 38 28 00 9. poooSd 

:T.pr 37 12 29 . 9. 880391 

c,>y. /^r 37^ 12' 29'^ 9- 9^^?? 

.•c.y. /)/: 38 28 00 9- 893745 

;; r.5. ^r 04 25 31 9. 99870J 
: cS.VL II 26 00 9. 991295 

Wheace the Diftaoce between LondomnA Vienna 
is 11^ 26' 00" equal to d86 Ge^gr/i/A/W Miles. 

Case 2**. If the Places propos'd had been 
under the fame Meridian, or^ which is the fame 
thing, had been in the fame Circle of Longitude ; 
then the Difierenceof theirLaticudes had been their 
Diftance : For the Arch of the great Circle paffing 
thro' the two Places, i^ the Arch of Difierence 
of Latitude. Thus, fuppofe it were required 
to find the Diftance *tvfixt Vienna mAuftriay and. 
Mimnt /Etna in the Kingdom of Sicily^ becaufe thefe 
two Places lie under the fame Circle of Longi- 
tude,- from the Latitude of Vienna 48* 21' 00'' 
take the Latitude of Mount Mtna 38'' 20' oo'^ 
the Remainder lo*" 02' oo''^ is the true Diftance 
'twixt thefe two PlaceSt equal to 6oz Getfgrafhi* 
cal Miles. 

Case 3a. If the Places proposM lie under 
the Equa^inr i .thctk the Di£ferenc6 of Longitude 

is 
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is equal to their Diftance. Thus fuppofe itl^ere 
required to find the Diftance *cwixt the M)uth of 
the River AmaXsones on the Eaftern Coafi of America^ 
and Cape PaJJage on the Weftern Side of the fame 
Coafty both which Places He nndertht Equator ^ and 
which will determine the Breadth of that Part of 
America which lies under the Equator. 

From the Longitude of the Mouth of the 
River Amaunes 309' 30' 00" take the Longi- 
tude of CapePaffage 275^ 50' 00", the Remainder 
33' 40' 00" equal to loio Geographical Miles, is 
the Diftance 'twixt thofe two Places, or the 
Breadth of Amreica in that Part. 

N. B. The Longitude of the two Places in this laft 
Cafej are reckoned from the Meridian of London. 

Ca SE 4 . If one of the Places be projefted 
under the Equator and the other at fome Diftance 
to the Northward or Southward of the fame ; the 
Method for finding the Diftance will be more 
troublefome than in the laft Cafey but not fa 
complicate as in the firft. For Exampk : 

Let it be required to find the Diftance 'twixc 
London in the Ncrth Latitude of 51' 32' 00", 
and the Mouth of the River Amaz^ones lying un- 
der the Equator, and whofe Difference of Longi- 
tude, or Angle which the Planes of their Meridian^ 
form with each other, is yo^ 30' oo'^ 

The Mfuth of the River Amazones is proje&ed 
tothe Weftwardoflon^ojf upon the Gloie of the 
^*' 3 8' Earth: therefore in Ftg. 38. let L reprefent the 
Place of London, A the Mouth of the River Ama^ 
Mnes, p the North Pole, p m the Meridian of 
London, p Athc Meridian of the Mouth of the 
River Amax,ones, A ^ the Arch of the Equator 
intercepted 'twixt the two Places equal to the 
Angle Ap ^ the Difierence of their Longitudes, 
and A L the Diftance of the two Places- 

Now 
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Now becaufe A^ iszn Arch of the Equator 
yi which p is the Pole ; therefore the Angle p rsn A 
s a Right Angle ; Wherefore, in the Spherical 
Friangle, AL-;t Right-angl'd at J^, are given 
L «s the Latitude of London 51^ 32' 00", A^ 
the Difference of the Longitudes of London and 
the Mouth of the River A^^Mnes 50** 30' 00", 
and the Angle at ^ Right; whence to find AL 
the Diftance, the Proportion will be, 

K: C.S. L^:: cJS.A^: c.S.AL. 



I5M 



R:cS-L ta, 51*" 32' 00' 
.*: c.S*A rfi. 50 30 00 

; C.S* LA 66 ^i 30 



9. 793832 
9. 803510 

9' 59734^ 



Whence the Diftance 'twixt London and the 
A^»^^of the River Amazjones is 65' 41' 30" e- 
qual to 4ooif Geographiuil Mile^s. 

Case 5^^ If the Places proposed are not 
fituated udder the Equator^ as in Cafe 3, nor un- 
der the fame Meridian, as in Cafe 2. but under 
the fame Parallel ; or, w>hich is the fame, If their 
Diftances from the Pole ace equal : asfuppofe the 
City of Liege, whofe Latitude is 50° 40' 00", 
and Prague the Capital City oS B(^hemi^, whofe 
Latitude alfo is 50** jsp' 00'.', and their Dif*- 
fercnccofLongitude o8' 30' qq", J^r^^ being fo 
much to the Weft ward o( Prague y and it were re- 
quired to find the Diftance of thofe two Places ; 
Then, in //;g. 39. let ^. reprefent the Place of 
Liege, g that of. Pragu^i p the, NMb Pole, and Fig. 39. 
e g the Arch of Diftance : Wherefore having let 
fall the Perpendicular />r, the Triangles ^ /» r,and 
gp r are equal ; and to findj^ r, in the Triangle ep r^ 
equal to half eg the Diftance, are given p e the 
Complement of the common Latitude or Diftance 
^ of 
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of either of the Places from the Pole jp** 20' 00'' 
the Angle ef r equal to half the Difference of 
their Longitudes 04** ly' 00", and the Angle 
at r Right: whence to find e r, the Proportion 
will be, 

R: S. epr : : S. ep: S. er 

k: S.eprz^o^'' 15' 00'' 8. 8^59868 
;; S' € p =39 io 00 9. 801973 



: S. er =02' 41 32 8, 67ib4i 

The Double of which is 05* 23' 04", equal to 
323-rr (?^^^/3ipA/W Miles, the Diftince 'twixt th« 
two Places. 

t>€fin. The Angles of Pofitiod is the fame with 
the Angle form'd by the Plane of the Mertdiafl 
pafCng through one of the Places, and the Plane 
of xht great Circle pafling through the two Places, 
and is meafur'd by an Arch of a great Circle dc* 
fcrib'd about one of the Places propofed, and 
intercepted 'twixtthe Meridian paffing thro' it 
and the great Circle paffing over the two 
Places. 
%• 37- Thus, in Fig, 37. the Angles of Pofition ^twixt 
London m6 Vienna \ is the Angle pLV; but the 
Anglb of Pofition 'twixt Vienna and London is 
the Angle p VL. 

Let it be required to find the Angle of Pofition 
'twixt London and Vienna ; London being found 
projefted in J%. 30. in L^ and Vienna in the fame 
pro jedlion in the Point v. 

Having found L v the Difiance of London 
from Vienna^ in the preceding Problem, to be 
ii! 32' 12'', it will be, : 



S.LV 
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S. L V: S. LpV: : S. pV: S.fLV 

S* LV '=.11'' 2(5' oo" 9. 29116^ 

:S. LfV^^iJ 07 30 9.46^022 • 

:;5.. p V=^^l j8 00 9: 32210 4 

:S.pLVtszix^ 4^ 33 9.99^261 

iVhich taken from i8o* 00' 00", (becaufe the 
fingie pLVis Obtufe) leaves the Angle of' 
?b(itiOn\v/ixt London and Vtenna 99'' 17' 27"- 

If the Angle of Pofition 'twixt Plenna and' 
London be required, then the Proportion will be, 

S.LV: S,LpF:} S.pL: S.pVL 

S. L F=5ir* 2<5' 00" 9. 297164 . ' 

:S.LpV^ ij. 07. 30 9.4^9022 ,' 

:S.pVL=^6'j 31 25 9,96^690 

Whence the Angle of Pofition 'twixt Vienna and 
London is 6^31' .26'/ 1^0 that, according to 
the Nautical wa;y.of, fpcaking, if Viema bears 
From London South 80** 42' 33'' Eaft, or 
E. by S. 01*^ 57' 3j''. E. London bears fr^m Vienna 
North 67* 3 1' 26" Weft, or W. N. VV. o^ i' 26" W. 
Whence the Difference of the oppoiite Rhumbs 
is I?*' 31' o7"r 

The Angle of Pofition might have been found 
without the Diftance, by the help of the Lati- 
tudes of both Places, and their Difference of Lon- 
gitude^ V .. 

For having found Ipr, and thence r Vy^ a$ in 
tXxcFirft Cafe of this PrvHm; to find the Angle ^'i- 37- 

L ytj :thc^ Proportioii will b^- 

O S.Vr 
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S.ffr: S.fr::T.Lfr: t.LVr. 

S.V^^o^^ If' 30'' 8, S8798 5 

:-SfS^31f II 00 j?. 781J01 

: :TLpr;szij 07 |o p. 4^87 ^7 

:T.LVr^6T 29 ^6 id. 3^3^^JJ 

lUfferiiig hut 50'' bom tbe former CalcuUti- 

In Caje 1. wliere the Places propofed were 
(^uated un4erthe fame Meridi^f che Angle of 
Faiition y^niflbied: For the lefler the PiSerenpe 
of Longitude or Inclination of the Planes of the 
Meridians fu^g through ^ f wo Blaces is, the 
leiTer is the Angle of Polition between that Place 
H^hich is moft rctnote fro^i tk^ Po^. apd that 
v^hich is neareft ; till at lad when the jDifference 
of Longitude vanifhes, the Aogle of Poikioa 
vanifhes. alfa 

In Cafe 3. where the Places propofed lie un- 
der Ae Efuaf9r, the Angl^ of Pc^tion i$ eqnal to 
po Ikg. For the Dlftasce of the Pole from the 
Equator ^ejf^ «very way o^^ to a Quadraat, 
the IncHfiatioa of #ie two Planes to each odicr 
muft be e9ual eo a Radiant aUb» 

In Cnf& 4* wheve one ef tlie Pfocee peopeied 
is under the Equator^ and the other in N^rti 
JLatitudfj the Angle of Politioa U^^Mf ludby 
one Proportioii. 

For in Ftg* 38. where L reprefents Imdoni 

^'i' )^* Md A the mmh mt the Rivm Ammmi^ the 

Aogte of Roikiofl ''swiicc JxtiAiii and the A/omA 

Dftbe faid Rivtr Amqxtones^k ^tf. bad: Fer^ 
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.> R r: 7; jrf 5^ fine 50 30 90 lo. 98^89; 
y.-^L- rr j7 99 38 
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If the Angle of PeiitJon \\vht the Monti af 
the\S/t;^r Amaz,eh^stnd' London be required'-, then, 
by th? Lavj of Sph^ieal Trianghs^ the Proporrion 

ij. ^t2; =: jb^ }0''oQ" p. 8f57405— 
ciJ.>;7ll^ =51 22 QO 10. 09991? 

.•r.-^4»==5§ ^9^3 Ic. ^12507 

Whw.<;Q ic appe^r^^ That theAnglegf Pafitigij 
^^wi^^t j[^P«^<?« ^p4 th(? Af^^//j of tt>e Rtver Ama- 
z,qm 15 South 57' o^' 38" VVefti bu;*twixt the 
J^mtb of the ij/i/fr Amax»mies aqd i^Q^dgn is 
No«b3x*?o'37" Eaft. 

In ^^jiJ S- wHer.^ the two PIace$ yere proje^ed 
at €qya>l Pittances from the Po/<?, viz. Liege, zni}, ^^'^^' 
Pr^itei^ BQhemirty the Latitude of each Place 
b^i^g J.9* 4Q' 00"^ ai^d the Difference of theif 
l.QngiTqdf \ pr Angl^ j^orip'd by the PJane^ of th? 
tVfQ /ileridians Q^' i^' oq", the Angle of FpfitiCHi 
Is W^Iy h^d* by the following prpporrion : 

H : cS ef ==39° 20' op" 9. 888444 
::T*0pr =02 07 go S. 5594.32 

#1^ r^/% J I IW I J U ijf 

o J mkh 
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Which is equal to the Angle e gp\ becaufe e f 
and p^ arc equal : Whence the Agle of Pofition 
*t\vixt either ofrhe two Places is 88' 21' 22" ;thac 
\%^\vii\l Liege znd Pr ague ^orth 88^ 21' 22" Eaft, 
but'twixt Prague and L.tge^oxth 88^ 21' 22'' Weft. 

CorolL Hence we fee the Reafon of that Geogra^- 
fhkal Paradox, That if Antwerf be due Eaft of 
London, for that Reafon London cannot be due 
IVeft of Antwrp : For the Eafi and IVeftLine^ 
. and confequently all the other Rhumb Lines^ being 
dependent upon the Meridian or North Siud South 
Lines, and always forming Equal Angles with it ; 
and fince all the Meridians, or North and South 
Lines, to which the Needle is always conformable, 
and therefore lies in fthe fame Plane, (excluding 
the Confideration of Variation, which, in this 
Cafe, may be totally negleftedj meet in the Poles, 
the Eafi oxlVefi Lines, which form Right Angles 
•uith thefe, will meet and interfcft each other alfo 
in given Points; and confequently, that Pfacc 
which appears due Eafi in one Meridian^ from a 
given Place in another Meridian^ will be farther 
diilant from the Pole than the Place firft given ; 
and confequently, if ve remove to the fecond 
Place, the Place firft given being nearer to the 
Pole than the fecond, cannot appear due Wefi^ 
but confiderably to the Nortlmard, and fo much 
the more, by how much the Diftance of the Two 
Places is greater: As will evidently appear to any 
One who will but be at the Pains to draw Two 
Meridian Lines interfefting each other in a given 
Point, and draw Two Lines at Right Angles to 
them at the fame Diftance from their Inter- 
fedion or Pole* Now, if we travel according to 
the Direftion of t\\t Eafi Line of the Compafs, we 
fliall not arrive at the Place in the fecond 'Meri- 
dian that appeared due Eafl^ but at another as far 

diftant 
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diftarit from the Pole astiie firft Place was : And 
thus in making one entire Revolution, we Ihall 
arrive at the fame Place we fee down from,, al- 
ways keeping at the fame Diftance from. the Pole^ 
and defcribing that Path which is reprefented 
upon the Globe by the Parallel of Latitude paffing 
through the Place firft given. 

There are other Methods, lefs correft, for Mea- 
furing the Pittances of Places from the former 
DatUy upon General Mapsy as alfo for Invefliparing 
the fame; but if the Reader is well apprifed of 
what has been delivered in this and the former 
Sedions relating to ProjeSiiom, he will eafily fup- 
ply them himfelf. 

Case 2*. If the Latftudes of the Two Places 
were given, and the Angle of Pojition between them, 
viz. Suppofe the Latitude of London were given 51* 
3 2' 00'; oi Vienna 48? 22' Qo",and the Angle of Poftti- Fig. g;. 
on 'twixt London and Vienna pp"* 17' if^; To find 
their Diftance ? Then, in the Spherical Triangle 
p Z ^ are given p L^ p Vy and the Angle L : 
Whence, to find /. V, by the Laws of Spherical 
7V/Vi»^/w, it will be, 

R:c.S.\^L:: T.pL: T. 4th Arch. 

And again, 

c.S.p L : c.S. p V: : c.S. 4th Arch : c.S. 5th Arch. 

Now 4th Jrch — 5th Arch, gives the Diftance. 

C A s E 3««. Again, if the Latitude of one of 
the Places be given, its Difference o( Longitude 
from another, and the Angle o( Pojttion ; To find 
the Dijlanee and Latitude of the other ? viz.. Sup- 
pofe the Latitude of Lo;/rf(}« yi** 32' 00'' be given, . 
its Difterencc of Longitude from Vienna 17^ 07' 30'' 

O 3 Weft^ 
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Wtfls and the Angle of Pofitioft 'twixt Ldntkn ftftcf 
^^* 37- yi^Wi/t 99** 17' 27"; th«njio the Obliquc^-angWt 
Spherical Triangle Lf V^rt gived p L^ the Com- 
(>Ieni€htof the LitilUde o^Zmrhn^ the Angle p 
the Difference of Loagitiidc ^tN^ixt Lmibn and 
Vitmtiy and Aialge L the Adgl6 of Poiitien; 
Whence to find LV tkit Dt&ftDce^ it tvUlbc^ by 
thfc bnoXvd Law« tif Spherical Triauglest 

*rhe L. X— 4th -^^feA^givefe a ych v^^ 

Aglid 

C.S. 4th Arch : c.i'. Jth .4rrA ; :%J^p : T. L T- 
For the Latitude^ it will be, 

ore. 5*, of the L/mitude* 

Case 4*^. Agaift, tf tie Di^erenct 0/ iougf- 
*«^ff^ or Inclinations of the Flatitsof the A^Wmw, 
palfing through ihe Places^ be given, together with 
the Angles afPodmn of ^ach Place to the other r«- 
jy- 3- fpe(5i:i\rely ; then, in the jjt^AmW T^rinn^t LfV, 
are given the Angles L, f and P': Whence may 
be found the Side Z J'^the Diftance^ or the Siflesp L 
and p V^ the Complement^ of the Latitudes^ by 
the following Proportions* 

R:cS. one of the Angles of PoGcion.-c So is 
the tlo-line of the other Angle of Pofition toa 4th 
Sine. As the 4th Sine to the, Sine of t the Sum of 
the 3 Angles, fche Supplement of the Obtufe Angle 
being iii^ obtain'di and uftki i(ifi«ad (^the Obtufe 
Angle \) {q i^ the Sine of the ha^Sum 1e(£raied by 
the Difference of Langkuie t6 a 7th Skic : T^ 
\vhit:h if the kadiia bii added^ tia^ (hat Snili wiU 

bf 
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be the Co-fine of half the Diftance required . 
for the Latitude, k will be» 



And 



^99 



S. Lp: L V: :S. LI. :c.S. of the Latitude of 
the Place rcprefented by Ki and fo is the 
Sine of the L F to the cS. of the Latitude of 
the Place reprefeated by L. i 

C A s E 5*. If the Diftance of two Places ly« Pig, 3^. 
ing under the fame AHeridiaH, viz. r and />^and 
the Angled of pofftion r and K of the Places 
rand K to an unknown Place Z.^ were given; To 
find the Diftancesof the Place L from the Places 
rzndF? In the Spherical Triangle Lrj^are 
given the Side ^ r, the Difference of Latitude of 
the Places f* and J^^ and the adjacent Angles 
f^ and Vi Whence to find Z» r and r F, the Pf«i- 
portiofii liriH be, 

k : C.S. fVi : t. lu y: T. 4th Arch: 

L r-^ 4th Arch gives a yth A^chj if the Angle r 
be greater thdH the 4th Arch ; other wife tb^ 
4th ^rcA -—L^givM ft 5tb Arch* 

Again/.S. 4th Arch : c S. Jth Arch: : t. r^.T.Lt; 
tad fdr L V% it will be^ 

S.LP^: S.Lr::$.\^r; S.LV. 

Several other Cafn relating to Diftances inlgbt 
i>eptopored, bat the intelligent I^0ai0r wiBeafi- 
y fiip[dy the reft hlnafelf« 
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P R O B L t Tit IV. 

Having the Dijlanccs cf an Uriknoivn Place from 
Two Placet projeEJed upon a^General Map of the 
\^or\d\ Whence the Latitudes ofthofe Tuo Places^ 
and their Difterence of Longitude one from another^ 
are given, to find out the- Point . reprefenting the 
Unknown Place upon the General Map y and thence 

* m Latitude,. <iW Difference of Longitude from 
either of the Known Pldce'f. 

Solution upon the Proje5lio'n. 

P£' 3^- TT ET the 'Two Places refer'd to in the prc- 
.JLj ceding , Problems^ viz. London ancj l^ienna^ 
be the Two Places whofe Latitudes and Diff^ence 
of Longitude one from the other are given, London 
being found projected in the Point L^ .Snd Vienna, 
in the Point v ; and let Rome be the Place whofe 
Diftance from each of the two fprmer Places is 
given, viz.. from London 13** 09° 48" Equal, to 
789T Geometrical Miles ; and from Vienna 
07* 06' 40" Equal to 426 1- Geometrical Miles, 
and whofe Place upon the General Map is re- 
quired, and thence its Latitude and Difference of 
Longitude from either of the Two given Places, 
viz. London or Vienna. No\v becaufethe EointL, 
reprefenting London^ is found projected in the 
: Periphery of the Plane cf Projedion, about that 
.Point L defer ibe a Parallel, or fmall Circle, Equal 
to 12° 09' 48", or 789 T Geometrical Miles, by 
\Cap. IL SeEi* IV. Prop IL And becaufe the Point 
la;, reprefenting Vienna-^ is projeSed within the Peri- 
'phery of the Plane of Prcjedion, about the 
Point "z;, defcribe a Parallel or fmall Circle Eqaal 
to 07* 06' 40", or 426-f Geometrical Miles, by 

Cap. 
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Caf. II. "S'eB^ II. Prop. IV. the Interfeaioo of thefe 
Two Circles in the Point R will be the Place of 
RomCy in this ProjeSlion, And if through the 
Poinrs;?, R and^^ a Circle be drawn, by the 5th 
of the lV,o( Euclidj it will reprefent the Meridian 
o(Rome; Whence its Latitude or Meafure of the 
Arch p Ry and the Inclination of the Planes of the 
Circles /» L , and p R, orpR andj)i;, the Differ- 
ence of Longitude of London and Romey or of 
Monte and Viennay may be obtained by Prob* XL 
&«. I. C^f IV. ^ 

CoYolL After the fame manner may Points be 
found upon the Plane of Projeftion, reprefenting 
any Number of Places, provided the Diftancc of 
each Place from two known Places, already pro- 
jeded upon the Mi/>, be had, and thence the La- 
titudes of each, and their Differences of Longi- 
tude one froni the other : But inafmuch as the 
Parallels^ or finall Circles, cut each other in two 
Points; in order to make a right Choice of the 
two Points thus found. Regard maft be had to 
the Bearing or Angle of Pofition of one of the 
two Known Places to the Unknown, and then 
the Thing i^ cafily done. 

Scholium. Tho' this Method^ of finding Out 
Points reprefenting the fe veralPlaces upon th^Eanh^ 
and thence drawing General Maps of the Worlds 
be not fo applicable to Geography, by reafon of 
the great Difficulty there is in finding out and 
determining the true Diftanccs of Places from 
each other; yet, in the Delineating of Maps of 
the Con/lellationsy it may be of great Ufe : Be- 
caufe the mutual Diftances of the Stars are ob- 
tained to the greateft Exaftnefs that the Nature 
oflnftruments will allow of, and are the Principal 
Data by which Afirommers determine their Lati* 
I tudis^ 
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tuies ^ Longitudes y Ktgkt. jifcdnfions and De€linAiiom\ 
zudy by the help d this, the Path of a Cmit or PU- 
mt may be traced out upon the Surface of a Ghhe^ 
or upon a General Maf of the Corfiellati^ns, with- 
out a0y previous Calculation. 



trigonometrical Solutiok. 

I 



Fig./^o. TK-%.40. which we will refer to, Co avoid 
Coufuuon, let p reprefent the North- Pole^ 
the Place of London^ Z^that o( Vienna^ and it 
that of Rome. P L the Arch of the Meridian 
paffit^ through LcMdou^^ equal to 38* 28' oo" 
the Complement of its Latitude. Py^n Arch of 
the Meridian of /^/^»ii, equal 1041* 38' 00" the 
Complement of its Latitude. L R gn Arch of 
a Creat Circle paffing through London Sind Rom§f 
equal to their mutual JDiftance, which we here 
aflume 13* op' 48" equal, to 78^4 Geometrical 
Miles, and RjP^an Arch of a great Circle paffing 
through Rome and Vienna which we alfo z[^ 
fume here 07* o5' 40" equal to ^^6j^ Geome* 
trical ^ilesi To find P L the Latitude oi Rofne^ 
and the Angle LP fi or RP V th^ todioatioas 
bfthe feveral Meridians,pr the Differences of Loa-* 
gitude 'twixt London and Romcy or Rjom^ and 
VimnM. 

Through L and ^let the Arch of agreat Circle 
bedrawiij reprefenting the mutual Diftance 'twivt! 
London and Viema v then in the Oblique-af^l'd 
Spherical Triangle P L Tare given P i 3 8^ t8'oo", 
/'^4i* 38' 00"^ and the Angle V PLiht Dif- 
ference of Longitude ^wixt London and Viama^ 
which wc here afliime 17* 07' 30"; To findZ,F 
their miituai Diftance^ and the At^te PLVtkk^ 
Aagle of Poficioo \wiftt London aad Vieima : 



ft 
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It iVillbe, by th« Laws of fr^tmthf^ 

R: cS.LpF:: T,Lf:t. 4th A*^; 

No w /' ^— 4th Ardk gives * y th v^^^' 

Againj 
f.i'. 4th ^rcA ; c.^. /. I. i; ci: J til ^fA .. cs VL. 

K : cS. Ipr if of jb*' ■ ^. 5180305 

::T.Lp 38 28 00 J». ,go»p 8tf 

:7'.4th^*T/^ 5^ ^2 iP ^. 68(B|pi 

^5: 4* J^ri6 f ^° ii' %$,'» <>, ^01 i^i 
.•CO. ri. Jo 2i» 'io 9. 893745 

::c'S.yxi\Anf> 04 2j 31 p- .99870 ? 

For the ^K^/<f /> L Vi ft vlll bfr, 
S'LF :S.fF::S,LfV:S.pLF ' 

::&.LfV if v^ ^ ..9. 41^52 2 
:5./»£.^56 44 ^J "9. pffa^z *" 

^^^lofe Supplement M t»d»«*6'bo^ ^/M' 17; 
a7"> i« the ^h «qbir'd. 

a^/y, la tfaeOlWqUe-rtigted S^ridll Waiirie 
i F^ are given L V the DiftAAie ^tt^ixt Zj,ai„ 
and ^/>i,«4 ii' %6' 00" J LJltlwDiftlntftHlit 
iwi^pa and Bjtm 13" 09' 48" i and il ^ the 

Diftance 



f^i 
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.204 ^^^ ^fi ^f ^^^^^^j^^^*^^ 

Dlftance 'twixt Kome and Vienna of, 06' 40"- 
Whence to find the AngU RL Vy 

.To 11^09' ^^"=LR 
Add 1 1 26 00. — ,^ ^ 
And 07 o<^ 4Q - ^^^ ^ 

rr - -S =Sum. 

xj 51 14 =HalfSiAn* 

07 06 40 =R^theSideoppofirc. 

08 44 34 ,= Remainder. 

To the Co'Arith of/ _ ^ ^o ^^. ^g. ^^ 642908,3 

the 5/w or JL. K V 
AddtheC<,-^nVAon_.^j ,^^ ^ g I 

Alfothe5/woffSura=s».ij !}i 14 9. /^i6j^$jci 

The ^/»^ ofi Sum is i6° -aa' 23" 19. 9640412 
Whichdoubl'd,gives32 44 45 9.9820206 
the 44w5& ii L ^ req"ui?'d. 

To the ^w^fc P i: y— 99"" if 27" 
Add the Angle RLVr:=zi2iA±Jc^ 
Sum isthe^fcPZ:^=:?j32 oi 13 the Angleoj 
Pofitiott 'twixt London and ilo;»e, reckoned 
from the Northern Part of the Mieridian. 

, 3iiify, In the Triangli^LR are given pL the 
Complement of the Latitude 4ofLo«Jo», jS^aS'oo", 

X ii the Dlftance 'twixt Rome and London 
13* 09' 48'-, and the Angle of Pofition p L R 
132* 02' 13", or its Supplement 470 5/ 47"; To 

^ 6nd out p R the Complement of the Latitude of 
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Rentey and the Angle Lp Rthe Difference of Lon- 
gitude *twixt London and Rome: And, by the 
Laws of the Spherical Triangles^ it will be^ 

R:C.S.l,p LR::f.LR: T. ^xh Arch^ 

; ; T. 13 09 ^8 9__j£«£79 . ^ , . 
;T. 08 54 oii 9. 1:^4801 ^ 
Which added to /^ £ 38* 28' 00", gives 47' 22' 01 "2 
a 5 th Arch. 

Again, As c.S, 4th Arch : c.5. jth Arch] 
47** 22' 01" L : : C.5. Z. ij ; c.S. p R 

c.S. 4th Arch 08' 54' 01" 7 Q- 9947^0 , 

^.5. 5th AcZ^ 47 22 017 5>. b307J5p:. 

c.5.i/i i^ 09 48 9. 98843^^ 

cSpR 48 07 22 9. 824477 ^ 

Whence the Latitude of Rome, by this Inveftiga- 
tion, is4i'*. $1' 38" North. 

For the Angle LpR, it will be, 

S. 5th ^rcA; S. ^thArch:: T Lp L R :T. L. Lp R^ 

S. 5th Arch 47^ 22' or'' f 9. 8<^<^7o^ 
S.^thArcb 08 5:4 01 f 9. 189539 
T.LpXR 47 57 47 10, 044999 . 
Ti^LpR 13 07 47 9. 367833 

Whence the Difference of Longitude *cwi-xt London 
and Ronte^ is here found to be 13* 07' 47" to 
the Eaftward. . 

There are various Cafes in this Problem : As, 
i^hen the Unknown Place has more or lef» Lon-* 
gitttde^ or| which is the fame^ is (ituated more to 

the 



Digitized 



by Google 



H6 The Ufi of the ^roje^aa 

the Eaftwgrd or Wefiward than either of Aoic 
places from which ^he Diftances axe given, or i$ 
fituated *twixt them, as in the preceding Ex- 
ample^ or i? placed on the fame or qoptrary Sides 
of the Equator^ or in the fame Meridian with 
cither of the givcp Places: In which laftCafea 
great part of the Trouble of Ql^u^tion is fav*d. 
But whoever is well acquainted wi;h the former 
Solution, will find no J)i$culty to gjvc ready 
Anfwer^ to any of thefc, if it fhouM be re- 
quir'd. 

^ig' 40. C AS B I**. If the Latitudes and Difference of 
Longitudes of two Plaqe$[ be given, apd th<;ir 
Bearings from ft Third, or Angles formed at the 
Two given Places, by the Great Circles paffing^ 
through the Three Places ; To find the Latitude 
of the Third Place, apd its Dt^er^ooe eS Longi- 
tude from either of the given Places. 

ly?, In the Spherical Triangle I^pV ane given 
Lf,p Vy and L/: Whence, to find L V^^it will 
be, by th^ Lamrs of l^bmcal 'triangtef^ 

fi:€XlpV:;tLp:T.^thJHh: 

]&r— 4^ Arcb gives a jth Anh, if p Fbe 
greater tbAQtbq 4th ^re/f; bf^tifpj/^ Icfs, thea 
the 4th 4riib ^ pV ^mS a 5* h Arch 

Again, 
cS, 4t|i 4rQh ; c.S. 5th 4Hh ;/ f*>Jt pts :tSL VL 



^ 



And for the Angle at £, ic will be, 
^ . S. hVi S. U/ / :^.jpF:$. Lp I K 
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TLilyj \n the Triangle LRV are giv«ii i JT* 
and the adjacent Angles L and V^ whepce to 
find L R^ the Proportioos will be, 

R : C.S. LVxiT.i^Vi €,r. 4th Afeh. 

The 4th Arch ^i^VLR giVcs a 5A ^c*. 

Again, 
tS. 4th ^Kf* : t.S. yth ^rcJ; ; c.r. L V\ cX L R. 

3^, In the Triangle pLR are given j) I, £ ^» 
and the Angle pLR^ equal to the Sum o(pLV 
and P^X R ; whence to find the Angle LfR^thc 
Pf^KM-tion wfll be, 

R: c.S.l^fLRi:t^lR:T: 4th ^rc*, 

/Z -f 4?b ^rc^ if the A^gle f L Rb^ Obtufe » 
bat if Acute, ^ L — 4th Jrah gives a 5i:h ^rci; 
whence to fipd \^ p, it will be, 

^. 5th -rfrcA; •y,4tb Anb \^T.\^ R If yt. Rfl^ 
Mk) Pifi?rfuee<iif UngitnAa 'tmu die Place Zi 

AgajdO, For f Ry the Cpi^lcimpat of tfce Lati- 
tude, It will be, 

S.Lf:S.LR:-.S.t.L :&fR, 

Or, 
c.S. 4th ^rcA : c.S. Jth ^cA : : c.S. L R : c.Si^R. 

Case 3^ If the Latitudes of both Pljipes f,^. 3y. 
Ar# givtB, ao4 the Dillaoce between them, to 
4mA the Diiefence of ^heir LoagLt^xies; then, ifi 
the Spherical Triangle LfD^^f^ given L f afid fV 
the Complements of the Latitudes of the Two 
Vlioei» and L V their Diftance i whence to find 

L^the 
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L/'the Difference of their Lobguudes, it wilt 

be, 

As the Radius : to the Co-fine of one of the given 
Latitudes I : So is the Co- fine of the other gi- 
ven Latitude : to a 4th Sine. 

As the 4th 5/;?^ : to the Sine of Half the Sum 
of the Three 5/^^x/; So is the Sine of Half 
the Sum of the Three Sides leflcn'd by the 
Diftance .- to a 7th Sine* To which if you 
add the Radius^ Half that Sum will be the 
Cf^-fine of Half the Difference 6f Longitude 
required. 

^^* 37- Case 4*. If the Latitudes of both Places 
were given, and ?he Angle of Pofitioa 'twixt one 
and the other, to' find their Difference of Longi- 
tude; then, in the Spherical Triangle LfV zx^ 
given p L the Latitude of one of the Places, fup- 
pofe London ; and /> V the Latitude of the other 
Place fuppofe Vienna: and the Angle at L the 
Angle of Pofition 'twixt London and Vienna * 
Whence to find the Angle ^, their Difference of 
Longitude, it will be, by the known Laws of 
Spherical Triangks^ 

R : c.S.p L::T'.\^L\ cT. 4th Arch. 

Again, 
I'.VpiT.Lp : : oS. 4th Arch : cS. 5 th Arch ; 

Or as 
c.T.Lp: c.T. Vp : : c.S. 4th Arch : c.S. jth Arcb. 

If the Angle I. be Obtufe, the 5th y<rcA — 4th 
Arch ; if Acute, the 5th Arch + 4th Arch gives 
the Difference of Lopgitude. 

* 

.. . C A S f 
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Case f^. If the Latitude of one Place, fup- 2%. 37. 
pofe of London 9 its Diftance from another, fup- 
pofe Vienna^ and Angle of Pofition 'twixt London 
znd yiennaj be given, to find their Difference of 
Longitude, and Inclinations of the Plains of the 
Meridians paffing through the two Places : Then, 
in the Spherical Triangle f LVztq given /^ ^ L ^> 
zndpVy viz.^ two Sides, and the contained Angle : 
Whence to find i^pit will be, 

R icSA^piiT.LV iT. ^thArch. 

4th Arch -^^ p L. if the Angle at L be Obtufe : 
If Acute, /> Zi— 4th ^rcA gives a yth Arch. 

Again, 
& 5th 4nh : S. 4th Arch : : T.l^L :T. [^p^ 

If the Latitude be required i 
cS. j^th Arch : c.S. 5th Arch ::c.S, LV :c.S.pV^ 
or to the Sine of the Latitude. 

SECT. XL 

TH E Rules delivered in the latter part of 
the former Seftion, for finding the Difference 
of Longitude OT Meridians of Places, the only thing 
wanting to render the Sciences of Geography and 
Navigation perfeft, being not fo practicable as 
could be wifli'd for ; we ftall, in this Seftion, 
give an Account of fomc of the principal Methods 
that have been propofed by the modern Aftro^ 
nomers • Which Methods being rigidly true, and 
eafietabe learned, wou'd Cif put in pradife by 
thofe Gentlemen whofe Inclinations or neceflary 
Affairs oblige them to travel into moft Parts 
of the known World) foon afford us a much 

f* more 
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more ample and true Defcription of our Earth, 
^, than has ever yet appeared Abroad. 

And tho, it muft be confefled, that even thefe 
Methods fmoft of which have been made ufe of 
v^ith very good fuccefs, in determining the Dif- 
ference of Longitudes between fome of the chief 
Cities and principal Head*lands in Europe, and 
other known Parts of the Habitable World) can- 
not be made ufe of at Sea, by reafon of the 
unequal Motion of a Ship ; yec if our Sea-men 
would accuilom themfelves to them, by making 
ufe of theoj in the feveral Ports to which they 
fail, nothing would contribute more to removing 
the Imperfeftions of our Geography, and determin- 
ing thence the true Place of a Ship at Sea, unleft 
fome lucky Perfon could hit upon an Expedient to 
render them equally ufcful upon the Ocean, as 
upon the *Terra Ftrnta. 

But for the better underftanding the feveral 
Methods, it is neceflary to prcmife. That the 
Diffe erne of Longitude or Arch of the Mquator 
intercepted between the tv^p Meridians pafling 
through the two Places, is analogous to 
the Qiiantity of Time that the Sun requires 
to move from the Meridian of one Place to that 
of another, or in the Language of the Cofer^ 
nicans, that is elapfed between the Application 
of the Meridian of one of the Places to the Sun^ 
and the Meridian of the other. For fince the 
j«« finifhes its Diurnal Motion in the Space of 
One Natural Day, or 24. Hours, or which is the 
fame, the Revolution of the Earth about her Axis^ 
is performed in the fame Time, it follows, that 
in every Hour there paflTes over i=^ of the Mf- 
vidlan 3 Co Degrees, or 1 5 Degrees : Whence 
it is^ that' if the Difference of longitude 'twixt 
two Places is known, the Dfference of Time 
\^ixli\ic two Places i% known alfo; and con- 

feqUently, 
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fequently, the Hour being known in one Placed 
the Hour in the other is alfo known i and, 
vice verfa^ if the Differance oiTime in two Places 
is known, the Difference of Longitude is alfo 
known, by reducing the Time into Degrees^ al- 
lowing 15 Degrees to an Hour. 

Hence it is, that if in two or more Places 
the Hour be the fame, thofe Places lie under the 
fame Meridian^ and have therefore no Difference^ 
of Longitude. 

If there be a Difference of TimeSy that Place in 
which the Time is the latcft lies to the Eafiward 
of the two ; or rather, that Place in which the 
Sun is farthefl diftant firom the Meridian^ if you 
reckon the Day from Noon to Noon, or from the 
Time of the Suns tranfiting the Meridian to the 
Time of his next tranfit over it again. 

Whence, if any two Pcrfons can view the 
fame Phanomemn at once, the Diflference of the 
Times of Obferva^tion in each Place, or the Dif- 
ferences of the Diftance of the Sun from each of 
the Meridians will be the Diflference of Longitudes 
of thofe two Places* 

Now fince an EcUpfe of the Moon proceeds 
from nothing elfe than an Interpoficion of the 
Earth 'cwixt her and the Sun^ the Moment that 
any part of her Body is deprived of the Solar 
Rays, it is vidble to all thofe People who can 
fee her at the fame time. Whence if two or morcr 
People, in two or more different Places, note 
but the Times when it firft Began or Ended, or 
note the Time when afny Number of Digits 
was Eclipfedj or when the Shadow began to 
touch or cover any Notable Spot, the Difference 
of thofe Times, when compared together, will 
give the Diflference of Longitude between the Piacef 
pf Obfervatiqq : And of (hefip wc ^have vjirioul 
loftanceSf 

P» Op 
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On 21 Decembery i6'j^, at i6 h. 07 m. IJ fee. 
Mr. Flamftedy at the iloy^/ Obfervatory at Green^ 
wicbi Obfcrved the End of a Lunar Eclipfe;SLtid 
Mr. C^^«i Obferv'd, That the End of the 
fame Ecliffe happened at the Royal Obfervatory 
at Paris zt 16 h. 1$ m. 2$ fee. Whence the 
Difference of Times 'twixt the two Places of Ob- 
fervation is 8 »i. 10 fee* equal to 2 deg. 2 m. 30 fee. 
Whence fince the Sun was removed farther oft from 
the Meridian of Paris, than from the Meridian of 
the Obfervatory at Greenwich ; it follows,, that 
Paris is to the Eajlward of Greenwich 2^' 2' 30" 
equal to the Difference of Longitude between 
thofe two Places. Again, 

Mr. Ftamfted, on the nth of February^ idSt* 
Obferved the Beginning of a Lunar Ecliffe at 
ph. 12 nt'i;. the Beginning of the fame Ecliffe 
was Obferved at Lisbon in Portugal to happen at 
8 b.^im. Pvft Merid. Whence the Difference of 
Meridians, or Difference of Longitude 'twixt 
Greenwich and Lisbon is 41 min* f» of Tww, or 
10 deg. 22 ml. Lisbon lying fo much to the 
JVeftward of Greenwich* 

Now by comparing the Difference of Lo^gi^ 
tude 'twixt Paris and Greenwich, and Greenwich 
and Lisbon, may the Difference of Longitudes 
'twixt Z/V^(?» and P^rnV be determiVd. 

Greenwich lies to the Wefiward of Ptfr/j 
a° 2' 30". Z/jfon lies to the U^ejiward of Green- 
wich JQO 22' 30". Whence Ptfr/j lies to the 
Eaftward of Lisbon 11* 25' oo. 

The Longitudes of Places may alfo be deter- 
ifiin'd from the Obfervations of Solar Ecliffes; 
but thefe being incumbered , with the Confidcra- 
tion of Parallaxes, are not fo proper asthofe of 
Lunar Ecliffes : However, any One who is Curi - 
ous may fee the Difference of Longitude of fom e 

Places 
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Places, deduced from Solar Ecliffes, by Mr. Cafjtni^ 
Thilof.TranfaB.^'' S- p. ii6. 

Thcfe Eclipfes happening but rarely, another 
Expedient has been thought of, viz. the Eclipfes 
of the Satellites of Jupiter. 

Jupiter has been found to have Four SataUites 
or Moons conftantly attending him, always ob- 
ferving the fame Laws in their Revolutions about 
him : The firft or neareft to his Body finifhes his 
Revolution about him in the Space of i Day^ 
18 Hours, 28 Minutes; the fecond, in 3 Days, 
13 Hours, 17 Minutes; the third in 7 Days, 
3 Hours, 59 Minutes; the fourth, in 16 Days, 
18 Hours, 5 Minutes. 

Now it having been found, that neither Jupiter^ 
nor his Attendants have any Native Light of 
their own, but Hiine with a bo o w'd Light from 
the Sufiy it happens that each of thefe, in their 
Revolution round Jupiter fuffer two Eclipfes^ 
one at their Entrance into the Shadow^ the other 
at the Entrance of their PafTage behind the Body ; 
whence it comes to pafs, that in each Revolution 
of the Satellite there are Four remarkable Obfer- 
vations, by any one of which the Budnefs may 
be done, viz.. one at the Entrance into the 
Shadow, and one at the Emerfion out of it ; one 
ac the Entrance behind the Body, and another ac 
the Coming out; but the latter of thefe, •zy/z,. the 
Entrance behind the Body and Time of Coming 
out is notfo much regarded by Aftronomers^ as 
the Immerfion and Emerfion into and out cf the. 
Shadow; becaufe in the former, the difficulty of 
pronouncing the exaft Time is very great, re- 
quiring good Eyes, and large Telcfcopes ; but 
the latter is eafic, becaufe the fwifc Motion of the 
Satellites plung'd them fo foon into the Shadow 
that it is no difficult matter to pronounce, with 
any Tdefcope, by vhich they may be (ttt\^ 

the 
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the exaft Time of their Immerfion and £* 
merfion. 

Now, iQaftnuch as each of thefe happens at the 
fame Moment of abfoluce Time, if two or more 
Perfons^ in diflferent Places note the Times, 
thefe, compared together, will fliew the Dif- 
ference of Longitudes of the Places of Obferva- 
tion. 

Among the many Obfervations that have been 
^ made, by which the Longitudes of many Places 
have been determined, we fhall extraft fome out 
of the Philof.TranfaEt. N° 177. 

jinno 1680. Oct. 23. S. V. S. Jof. Pomhio and 
Marco Antonio Cellio Obferv'd the total immerfion 
of the fir ft Satellite into Jupiterh Shadow, at 
Kome^ at 10 h. 7 m. 53 fee. Poft Merid. Whiqh 
vas alfo ObfervM by Mr. Mavtfied, at the Royal 
Obfervatory at Greenwich, 3Lt p b. IJ i». ^ifecondr. 
Whence the Difference ot Meridians *twixt Rojne 
and Greenwich /is 52 m 12 fee* in Tme, anfwcr- 
ing to ij^'cj' /low^lying fo much to the Eaji^ 
ward of Greenwich. 

In the former Inftance, we have fuppos'd the 
fame Obfervation to be made by two different 
Perfons in different Places ; but the' Motion of 
the Satellites being truly fettled, there is need only 
of a Catalogue of the Eclipfes to be publifh'd for 
the Meridian of any one Place, and the Obferva- 
tion made in different Places, comparM with the 
Times fet down in the Catalogue, will give the 
Difference of Longitude 'twixt the Places of Ob- 
fervation, and the Place for which the Catalogue 
is calculated^ 
* And as an Inftance of the Exaftnefs of the 
Tables for the firft Satellite, I need only mention 
[ an Obfervation of Francis BUnchini, made at 

Rome in the Year i68y, when, oa the 28ch of 
January, he obfcrv'd the total Immerfioq of the 

firft 
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firft Satellite at ii A. 19 nt.\; which, by the 
Tables, happened at Greenwich at 10 A. 2'f m. -J:: 
Whence the Difference of Meridians 'twixt Rome 
and the Obfervatory at Greenwich is 52 w. -^t 
agreeing very well with the former DeduSion. 

When we confider the great Number of thefd 
Ecliffes that happen every Tear, therd being 
fcarce a clear Night when ^ufiteY may be feen, 
but an Eclipfe of one or other happens, the Ea(i- 
nefs with which they may be made, there being 
requidte only a Time Keeper^ and a Tele/cope of 
8 Foot long, it is much to be wonder'd that they 
are fd negleded by our Sea-men, and fo few of 
the Remarkable Places to which we Traffick are 
not better determined. 

If any one is defirous of having a more ample 
Account of the Ufe of thcCe Satellites in Deter- 
rnining the Difference of Longitudes of Places, let 
him confult the Philof. TranfaSi. N^ 151, 154, 
and 165. 

Befides thefe, there is another Method equally 
Ufeful, E^peditious, and Certain, and that is, 
the Appulfes of the Moon to certain Ftx^d Stars^, 
and their Occuhations by the Interpoficion of her 
Body, For the Moon finifliing her Revolution in 
her Orb in the Space of 27 days^ 7 h, 43 m. there 
are but few clear Nights when the Moon does not 
pafs over or fo near to fome Fix^d Star, that her 
Diftance from it, or the Time of her Vifible 
Conjunftion with it, may be eafily obferv'd by 
the Tele/cope and Micrometer only ; and thefe 
when obferv'd in Difi^erent Places, and com- 
pared together, or with the Vilible Times com- 
puted to the Meridian of fome Place, when a 
good 'Theory of the Moon (hall be obtained, 
will (hew the Difference of Longitudes of thofe 
Places. Aninftance of the Ufe of this Method 
we have in the Determination of the Difference 
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of Longitude between London and Ballafore in /»« 
dia^ as follows. 

On the i^th o( OElober^ i58o. at 8 b,6mn an 
Immerfion of the BulFs Eye was Obferv'd at 
London^ when the true Place of the Moon cor- 
rcfied by Parallax was n 4** 32' 24"; but at 
Ballafore Road (in the Latitude of 21* 20' N. 
and about 20 Miles £. 5*. £. from the Town) the 
true Place of the Moon was n 5* 54', that iSy 
1* 21' 36'' more than at ih.6m. at London. Now, 
according to the Moons Velocity at that Time, 
flie pafleth an Arch of i"* 21' 3^" in 2 A. 8. wi 4oy^r. 
of Time. So then, at 10 h. 14 »i. 40 yJc. at London. 
the //ocn was in the fame Place as at 16 h. 00 nt. 
at Ballafore- Road: Whence the Difference of 
Longitude will be y A. 45 w. 20 /^c. or 86** 20' 
Ballafore- Road being fo much to the Eaftward of 
London. 

Again on the 2 2d of December, i58o. the I 
Immerdon of the BuS*s Eye was found by Cal- 
culation, to be at 14. h 4P« m. at Ballafore^ the 
Moon's true Place was n 5* 50' 30"; and at 7 A. 
46 m. 12 fee the correft Time of the Immerfion 
zt Dantz^ickj the true Place was n 4^ 55' 11", 
that is, I* 35' 20" (hort of the Place dcduc'd 
from the Obfervatton at BaHafore-Roadi which makes 
in "time 2 A. 3^ w. 40 /^c. Whence it follows, 
that 10 h. 18 ;;!. 52 fee. sttDantz^ick makes 14. A. 
49 w. at Ballafore- Road^ and the Dift'erence of 
Longitude 4 h. ^o m* % fee. zml DantxAck htin^ lA. 
15W. 3o7^c. more Eafierly than London, Ballafore^ 
Road ys ill be from London 5 £. 45 »». 38 /?c. or 1 
86* 24'. ' , 

For a further Confirmation hereof, Mr. Ben- 
jamin Harris being a-jfhore at Ballafore-Town^ he 
Obferved with yery great Care and Exaftnefs, 
November the i8th, 1680. that at 9 A. 13 m. the 
Star which Tycho calls, /« Cotyla dextra Aquarii 
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(inartm fracedens, (aad which was thw io ^^ua* 

rius z^"" 52', and Latitude 2^ 46'. North) was 

id a Right Line with the Ca4)s pf the Mm^ » 

then near the 1 ft Quarter* the Mom's Place »t 

that time, by the Horroccian Theory,, '^x*- at 

2 A. J3 w. at Lo«Jo» is found ^ 29 22' 10" i 
but at pA. 13 ». at Ballafore her Place] was in 
» 29* 41' 17", that is 19' Y' more; than ^t 
Londouj which in T/wie gives 36 1«. So that 

3 h. 29 iw. at London^ was 9 i^^ 13 m. at; Hallafore \ 
and the Di&reace of Longitude therefctr.e %h. 44 m. 
or &6* 00' precifely agreeing iwith the focmer , JQ(e- 
iluftions. Vid. i^&Aj/: Cb//: N^ ^ 

The fame may be done from the Obfexvutitms 
of the Occultations of the Superior Planets by the Ih- 
terpdition of the ^«aand 7l4ba», or by the Triinfits 
of <he Inferior Ptanetf av£intbc.^un*s Body, and4>ylaa 
Obfcur^don of this Kuuh vMonfieur^Cij^* pro- 
tiouDced the Di&sreacexiBjU^Jtude botwecnC^ 
49n inChiia ^d Paris to'be ^ A. 23177^ equal to i.ip* 
4^' from an Emeriion of Mercury (ram tha Disk 
w the ^Sidii ^Qbferved at Canton and N^TembeKg% 
asid 'an EcUffi \oi the Mb» Obferv^d at Hhrem'^ 
4ferg vjaA Paris i - / 

In like manner, frdm an Obfervatkn jcf the 
X>ccutoacion of Mars by the ^1/(^90, the aift of 
Augufiy 16 j6. Obferved at Damzuk and irrem-- 
wich^ the Difference of Meridians *twixt Greenwich 
>iaad Danmidz is found to fab n ir. 14 01. 49 jfec. 
ioTov^f anfweringta 18^ 41' J5^-» 

AnyOne that is 4efin>us to baw aomore 
^mple Account of the manner of Determinitg 
the Difi&rdue of Landtudes of Places, leitber 
by the Obfervations ox the Edipfes oi Mhs Sun 
and Moon^ or by the Occultation of the Fix^d 
Stars^ as alfo of the Method of Calculating the 
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The Ufe of th^Trojeetm 

Beginning, Middle, End, and Duration of any 
one of thefc, Appcarancies, let him confult A 
^natffe cf Aftroncmy^ Written by Mr. Flamftead, 
?nd Printed in Sir Jonas Afoor^s Firft Volume 
of the Mathematicks. 

And though this latter Method labours at 
prefeot under fome Inconveniency, by the Im- 
perfedion * of the Lunar Theory \ yet fo good 
ii Fmutathn has been laid, at the Royal Obfer- 
fuatpry at Greenwich^ for removing the Difficul- 
ries, that"' the World may foon hope to fee a 
more Corr f6t Theory than i)as yet appeared A- 
|>roa4/ ■'■' ''''■'. 

A much more pzCy and not lefs certain Method 
chaii any of thefe, was that proposed by Moniienr 
fff^Sf»h^y ^^ ^^fy ^^ J^fudulum IVatobeij (a large 
Account of the ^aiiner'kow they are to be ufed, 
pay be fttn in PMof. Tranf* N* 47) yet even 
tbis^ tho pradifed with ifome Succefs by Major 
I fAbnes^ in a Voyage from the ^^ of St. Thomas 
junder the Line, to the Ifle oj Btego one of the 
}fles of Cafe Verd^ labours under fome Difli- 
curtie3' as are not e^Hly to be removed, as is 
known tp every One who \s well acquainted wicif 
their MecbapifmV 

Several other Methods have be^o propofed, 
for finding the Diftreqieeof Lot^imJfsof Places, 
but tlie chief of them depending upon a perfeA 
Knowledge of.the lieoij of the Plams^ canooc 
be put in'pra&tce with aoy defirable Succefs, till 
weare better acquainted with the Modoiis of the 
Heavenly Bodies* 
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(if the Sphere ia Plaiio, 

In the mean time, it could be wi(h'd our Sea? 
men, who will be the principal Gainers by it) 
\v hen ever it (hall be rendered more Prafticable, 
would omit no Opportunity, when they (hall 
be in Harbour, of making fuch Obfervations as 
offer, for Gorrefting the Sea-Coatts ,• fince it 
is of little Service to know the exaft Place 
of ^ Ship at Sea, if the Situation of the Place 
to which' (he is bound be not exaftly kno\vn aifo. 
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Books printed for John Osborn and 
Samvel B|:ar. 

T^RWAV^ Travels tlvpugh Europe, 2 vols. 

XJ with Cut^, 

jBtf iter's Ghronicje. 

Knightsf of Malta^ 2 vols, with 71 Heads of tb^ 

Great Mafters. 
CAirfiir^o^'s Rebellion, with Cuts. 
Sutherland's Ship- Building. 
Duty of Man's Works, in 4to. 
Wefiofit Arithmctick. 

Galileo's Mathematical ' Difco»rfes» eranflated by 
mftori: . 

Mande/s Mathdmaticks. 

Hawney's Trigonometry. 

6rWs Natural Philofopby. 

JVard*% Algebra. - • - • - 

Hattons Mathematical ManiialJ 

Smith's Carpenter^s Companion. 

Mandey's Marr^ow cf Meafuring. 

Newtons Algebra, Latin. 

Ditton's Perfpeaive' 

Sir. Ifaac Newton's Mathematical Principlei 
cural piiiiofophy, tranfkited into£i^ 
Andrew Motte \ to which are added, 
of the Moon's Motion, according 
ty, by John Machin, in a vols. ' 
50 Copper-Plates. 

Newtons Syftem of the World. 

Whiftons Theory of the Earth. 

PraleSiiones Phyjico Mather » 

■-Aftronomy^ in Zy 
Dales Philofophical.. ^^ 
with 89 Copper 
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